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REMARKS 

Applicants have cancelled Claims 9, 10 and 15 without prejudice to, or disclaimer of, the 
subject matter contained therein. Applicants maintain that the cancellation of a claim makes no 
admission as to its patentability and reserve the right to pursue the subject matter of the cancelled 
claim in this or any other patent application. 

Applicants have amended Claims 1-8, 11-12, and 14 to remove reference to the Figures. 
Claims 1-6, and 14 have been amended to remove reference to the extracellular domain. Claims 
1-5 have been amended to add the limitation that the claimed nucleic acids are more highly 
expressed in normal stomach tissue and normal lung tissue compared to stomach tumor or lung 
tumor, respectively, or encode a polypeptide that is more highly expressed in normal stomach 
tissue and normal lung tissue compared to stomach tumor or lung tumor, respectively. Claim 14 
has been amended to specify the conditions under which hybridization occurs. Applicants 
maintain that the amendments add no new matter and are fully supported by the specification as 
originally filed. For example, support for the amendments to Claims 1-5 can be found in 
Example 18 beginning at paragraph [0529], as well as paragraph [0336] of the specification. 
Support for the amendment to Claim 14 can be found in the definition of stringent conditions in 
paragraph [0227] of the specification. 

Upon entry of the foregoing amendments, Claims 1-8, 1 1-14, and 16-20 are presented for 
examination. Applicants respond below to the specific rejections raised by the PTO in the Office 
Action mailed June 23, 2004. For the reasons set forth below, Applicants respectfully traverse. 

Correction of Inventorship under 37 CFR gl.48(b) 

Applicants request that several inventors be deleted, as these inventors' inventions are no 
longer being claimed in the present application as a result of prosecution. The fee as set forth in 
§ 1.1 7(i) is submitted herewith. 

Priority Determination: 

As an initial matter, the PTO issued the instant Office Action assuming that the earliest 
priority is the instant filing date, May 8, 2002. The PTO argued that the instant application and 
priority application Serial No. 10/006,867 do not meet the requirements of 35 U.S.C. § 112, first 
paragraph. However, for the reasons set forth below, the instant application and the priority 
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application do meet the requirements of 35 U.S.C. § 112, first paragraph, and therefore, are 
entitled to an earlier priority date. 

Applicants have previously listed the priority information for the instant application in a 
Preliminary Amendment mailed September 5, 2002. The preliminary amendment states that the 
instant "application is a continuation of, and claims priority under 35 U.S.C. § 120 to, US 
Application 10/006867 filed 12/6/2001, which is a continuation of, and claims priority under 35 
U.S.C. § 120 to, PCT Application PCT7US00/23328 filed 8/24/2000, which is a continuation-in- 
part of, and claims priority under 35 U.S.C. § 120 to, US Application 09/403297 filed 
10/18/1999, now abandoned, which is the National Stage filed under 35 U.S.C. § 371 of PCT 
Application PCT/US99/20111 filed 9/1/1999, which claims priority under 35 U.S.C. § 119 to 
U.S. Provisional Application 60/099741 filed 9/10/1998." 

The sequences of SEQ ID NOs: 77 and 78 were first disclosed in U.S. Provisional 
Application 60/099,741 filed 9/10/1998 in Figures 1 and 2. The data in Example 18 (Tumor 
Versus Normal Differential Tissue Expression Distribution), relied on in part for the utility of the 
claimed nucleic acids, were first disclosed in PCT Application PCT/US00/23328 filed 
8/24/2000, on page 93, line 3, through page 96, line 35. 

Rejection under 35 U.S.C. S101 - Utility 

The PTO has rejected Claims 1-20 as lacking a specific, substantial, and credible utility. 
For purposes of clarity, Applicants note that the PTO characterization of the breadth of the 
claims is incomplete, and Applicants direct attention to the claims as set forth above, which 
claims generally recite nucleic acids, vectors and host cells of varying breadth. The PTO argues 
that utilities asserted in the specification are not specific and substantial or well established. 
According to the PTO, "[b]ecause there is neither a known physiological or clinical significance 
of the [encoded] polypeptide, and the prior art does not support a very close structural 
relationship to a well described (structurally and functionally) family of known proteins, the 
encoding nucleic acid cannot derive a utility from the encoded polypeptide." 

One of the asserted utilities for the claimed nucleic acids is use as a diagnostic tool, as 
well as therapeutically as a target for treatment, based on the data that PRO 1357 cDNA is more 
highly expressed in normal stomach and lung as compared to stomach and lung tumor tissue, 
respectively. The PTO recognizes this as a "possible utility," however, the PTO asserts that there 
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is no guidance on how to use this information, that no levels are disclosed, and that the 
information is too sparse to allow the encoding polynucleotide to be used as a diagnostic marker 
for stomach or lung tumor. 

The PTO also argues that even if the polynucleotide has utility as a tumor marker, there is 
no such utility for the polypeptide because there is no reason to suspect that there is an alteration 
in the amount of the polypeptide in normal stomach and lung tissue compared to stomach and 
lung tumor tissue. For the above reasons, the PTO asserts that there is no substantial and specific 
utility for the nucleic acid of SEQ ID NO:77. 

Applicants respectfully disagree and submit that for the reasons stated below, the claimed 
nucleic acids have a credible, substantial, and specific utility. 

Utility - Legal Standard 

According to the Utility Examination Guidelines ("Utility Guidelines"), 66 Fed. Reg. 
1092 (2001) an invention complies with the utility requirement of 35 U.S.C. § 101, if it has at 
least one asserted "specific, substantial, and credible utility" or a "well-established utility." 

Under the Utility Guidelines, a utility is "specific" when it is particular to the subject 
matter claimed. For example, it is generally not enough to state that a nucleic acid is useful as a 
diagnostic tool without also identifying the condition that is to be diagnosed. 

The requirement of "substantial utility" defines a "real world" use, and derives from the 
Supreme Court's holding in Brenner v. Manson, 383 U.S. 519, 534 (1966) stating that "The basic 
quid pro quo contemplated by the Constitution and the Congress for granting a patent monopoly 
is the benefit derived by the public from an invention with substantial utility." In explaining the 
"substantial utility" standard, M.P.E.P. § 2107.01 cautions, however, that Office personnel must 
be careful not to interpret the phrase "immediate benefit to the public" or similar formulations 
used in certain court decisions to mean that products or services based on the claimed invention 
must be "currently available" to the public in order to satisfy the utility requirement. "Rather, any 
reasonable use that an applicant has identified for the invention that can be viewed as providing 
a public benefit should be accepted as sufficient, at least with regard to defining a 'substantial' 
utility." (M.P.E.P. § 2107.01, emphasis added.) 

Indeed, the Guidelines for Examination of Applications for Compliance With the Utility 
Requirement, set forth in M.P.E.P. § 2107 11(B)(1) gives the following instruction to patent 
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examiners: "If the applicant has asserted that the claimed invention is useful for any particular 
practical purpose . . . and the assertion would be considered credible by a person of ordinary skill 
in the art, do not impose a rejection based on lack of utility." 
Utility - Evidentiary Standard 

An Applicant's assertion of utility creates a presumption of utility that will be sufficient to 
satisfy the utility requirement of 35 U.S.C. § 101, "unless there is a reason for one skilled in the 
art to question the objective truth of the statement of utility or its scope." In re hanger, 503 F.2d 
1380, 1391, 183 USPQ 288, 297 (CCPA 1974). See, also In reJolles, 628 F.2d 1322, 206 USPQ 
885 (CCPA 1980); In re Irons, 340 F.2d 974, 144 USPQ 351 (1965); In re Sichert, 566 F.2d 
1154, 1159, 196 USPQ 209, 212-13 (CCPA 1977). 

Compliance with 35 U.S.C. § 101 is a question of fact. Raytheon v. Roper, 724 F.2d 951, 
956, 220 USPQ 592, 596 (Fed. Cir. 1983) cert, denied, 469 US 835 (1984). The evidentiary 
standard to be used throughout ex parte examination in setting forth a rejection is a 
preponderance of the totality of the evidence under consideration. In re Oetiker, 977 F.2d 1443, 
1445, 24 USPQ2d 1443, 1444 (Fed. Cir. 1992). Thus, to overcome the presumption of truth that 
an assertion of utility by the applicant enjoys, the PTO must establish that it is more likely 
than not that one of ordinary skill in the art would doubt the truth of the statement of 
utility. Only after the PTO has made a proper prima facie showing of lack of utility does the 
burden of rebuttal shift to the applicant. The issue will then be decided on the totality of 
evidence. 

Substantial Utility 

Applicants have established that the Gene Encoding the PRO 13 57 Polvvevtide is Differentially 
Expressed in Certain Cancers compared to Normal Tissue and is Useful as a Diagnostic Tool 

Applicants submit that the gene expression data provided in Example 18 of the present 
application are sufficient to establish a specific and substantial utility for the claimed nucleic 
acids. However, Applicants will fully address the arguments made by the PTO. Applicants first 
address the PTO's argument that the evidence of higher expression of the gene encoding the 
PR01357 polypeptide in normal stomach and lung tissue compared to stomach tumor and lung 
tumor tissue is insufficient because there is no guidance on how to use this information, no levels 
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are disclosed, and because the information is too sparse to allow the encoding polynucleotide to 
be used as a diagnostic marker for stomach or lung tumor. 

Applicants submit herewith a copy of a declaration of J. Christopher Grimaldi, an expert 
in the field of cancer biology, originally submitted in a related co-pending and co-owned patent 
application Serial No. 10/063,557 (attached as Exhibit 1). 

With regard to the alleged sparseness or lack of guidance and information, including 
regarding the relative or absolute expression levels, Mr. Grimaldi explains in paragraphs 6 and 7, 
that the semi-quantitative analysis employed to generate the data of Example 18 is sufficient to 
determine if a gene is over- or underexpressed in tumor cells compared to corresponding normal 
tissue. He states that any visually detectable difference seen between two samples is indicative 
of at least a two-fold difference in cDNA between the tumor tissue and the counterpart normal 
tissue. He also states that the results of the gene expression studies indicate that the genes of 
interest "can be used to differentiate tumor from normal." He explains that, "[t]he precise levels 
of gene expression are irrelevant; what matters is that there is a relative difference in expression 
between normal tissue and tumor tissue." (Paragraph 7). Thus, since it is the relative level of 
expression between normal tissue and suspected cancerous tissue that is important, the precise 
level of expression in normal tissue is irrelevant. Likewise, there is no need for quantitative data 
to compare the level of expression in normal and tumor tissue. As Mr. Grimaldi states, "If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor." 

Applicants have established that the Accepted Understanding in the Art is that there is a Direct 
Correlation between mRNA Levels and the Level of Expression of the Encoded Protein 

The PTO argues that "even if the polynucleotide had utility as a tumor marker, the 
encoded polypeptide has no such utility since there is no reason to suspect that there is alteration 
of the polypeptide sequence or amount in stomach or lung tumor versus normal tissue." 
Applicants note that this argument by the PTO is not relevant to the utility of the instant claims, 
which are directed, inter alia, to polynucleic acids. Nonetheless, Applicants herein address the 
argument by the PTO. 
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As stated above, the standard for utility is not absolute certainty, but rather whether one 
of skill in the art would be more likely than not to believe the asserted utility. The working 
hypothesis among those skilled in the art is that there is a direct correlation between mRNA 
levels and protein levels. 

Applicants submit herewith a copy of a second Declaration by J. Christopher Grimaldi, an 
expert in the field of cancer biology (attached as Exhibit 2). This declaration was submitted in 
connection with the related co-pending and co-owned application Serial No. 10/063,557. As 
stated in paragraph 5 of the declaration, "Those who work in this field are well aware that in the 
vast majority of cases, when a gene is over-expressed... the gene product or polypeptide will also 
be over-expressed.... This same principal applies to gene under-expression Further, "the 
detection of increased mRNA expression is expected to result in increased polypeptide 
expression, and the detection of decreased mRNA expression is expected to result in decreased 
polypeptide expression. The detection of increased or decreased polypeptide expression can be 
used for cancer diagnosis and treatment." The references cited in the declaration and submitted 
herewith support this statement. 

Applicants also submit herewith a copy of the declaration of Paul Polakis, Ph.D. (attached 
as Exhibit 3), an expert in the field of cancer biology, originally submitted in a related and co- 
owned patent application Serial No. 10/032,996. As stated in paragraph 6 of his declaration: 

Based on my own experience accumulated in more than 20 years of research, 
including the data discussed in paragraphs 4 and 5 above [showing a positive 
correlation between mRNA levels and encoded protein levels in the vast majority 
of cases] and my knowledge of the relevant scientific literature, it is my 
considered scientific opinion that for human genes, an increased level of mRNA 
in a tumor cell relative to a normal cell typically correlates to a similar increase in 
abundance of the encoded protein in the tumor cell relative to the normal cell. In 
fact, it remains a central dogma in molecular biology that increased mRNA levels 
are predictive of corresponding increased levels of the encoded protein. 
(Emphasis added). 

Dr. Polakis acknowledges that there are published cases where such a correlation does not exist, 

but states that it is his opinion that "such reports are exceptions to the commonly understood 

general rule that increased mRNA levels are predictive of corresponding increased levels of the 

encoded protein." (Polakis Declaration, paragraph 6). 

Together, the declarations of Mr. Grimaldi and Dr. Polakis establish that the accepted 

understanding in the art is that there is a direct correlation between the level of mRNA and the 
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level of the encoded protein. In light of the lack of support for any argument by the PTO to the 
contrary, Applicants submit that they have established that it is more likely than not that one of 
skill in the art would recognize that because the PR01357 mRNA is expressed at a higher level 
in normal stomach tissue compared to stomach tumor tissue, and normal lung tissue compared to 
lung tumor tissue, the PRO 13 57 polypeptide will also be expressed at a higher level in normal 
stomach compared to stomach tumor tissue, and normal lung tissue compared to lung tumor 
tissue. One of skill in the art would recognize that a protein which is differentially expressed in 
certain cancer cells compared to the corresponding normal tissue would have utility as a 
diagnostic tool. Thus, Applicants submit that they have established that it is more likely than not 
that one of skill in the art would recognize the asserted utility of the polypeptides encoded by the 
claimed nucleic acids as a cancer diagnostic tool. 

The Claimed Nucleic Acids would have Diagnostic Utility even if there is no Positive Correlation 
between Gene Expression and Expression of the Encoded Polypeptide 

Even assuming arguendo that, there is no direct correlation between gene expression and 
protein expression for PRO 1357, which Applicants submit is not true, a gene that is differentially 
expressed in cancer and the encoded polypeptide would still have a credible, specific and 
substantial utility. 

In paragraph 6 of the Grimaldi Declaration, Exhibit 2, Mr. Grimaldi explains that: 

However, even in the rare case where the protein expression does not correlate 
with the mRNA expression, this still provides significant information useful for 
cancer diagnosis and treatment. For example, if over- or under-expression of a 
gene product does not correlate with over- or under-expression of mRNA in 
certain tumor types but does so in others, then identification of both gene 
expression and protein expression enables more accurate tumor classification and 
hence better determination of suitable therapy. 

This conclusion is echoed in the Declaration of Avi Ashkenazi, Ph.D. (attached as 
Exhibit 4), an expert in the field of cancer biology. This declaration was previously submitted in 
connection with co-pending application Serial No. 09/903,925. Applicants submit that 
simultaneous testing of gene expression and gene product expression enables more accurate 
tumor classification, even if there is no positive correlation between the two. This leads to better 
determination of a suitable therapy. 
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This is further supported by the teachings in the article by Hanna and Mornin, submitted 
herewith (attached as Exhibit 5). The article teaches that the HER-2/neu gene has been shown to 
be amplified and/or over-expressed in 10%-30% of invasive breast cancers and in 40-60% of 
intraductal breast carcinoma. Further, the article teaches that diagnosis of breast cancer includes 
testing both the amplification of the HER-2/neu gene (by FISH) as well as the overexpression of 
the HER-2/neu gene product (by IHC). Even when the protein is not overexpressed, the assay 
relying on both tests leads to a more accurate classification of the cancer and a more effective 
treatment of it. 

The Applicants have established that it is the general, accepted understanding in the art 
that there is a positive correlation between gene expression and protein expression. However, 
even when this is not the case, a gene that is differentially expressed in cancer, and the 
polypeptide encoded by such a gene, would still have utility. Thus, Applicants have 
demonstrated another basis for supporting the asserted utility for the claimed nucleic acids. 

Specific Utility 

The Asserted Substantial Utilities are Specific to the Claimed Nucleic Acids 

Applicants assert that the above-discussed substantial utilities are specific to the claimed 
PR01357 nucleic acids. 

Specific Utility is defined as utility which is "specific to the subject matter claimed," in 
contrast to "a general utility that would be applicable to the broad class of the invention." 
M.P.E.P. § 2107.01 L Applicants submit that the evidence of differential expression of the 
PR01357 gene in certain types of cancer cells, along with the declarations discussed above, 
provide a specific utility for the claimed nucleic acids. 

As discussed above, there are significant data which show that the gene encoding the 
PRO 1357 polypeptide is more highly expressed in normal stomach and lung tissue compared to 
stomach and lung tumor tissue. Furthermore, these data are strong evidence that the gene 
encoding the PR01357 polypeptide is associated with stomach and lung tumors. Thus, contrary 
to the assertions of the PTO, Applicants submit that they have provided evidence associating the 
gene encoding PRO 1357 with a specific disease. This is a specific utility - it is not a general 
utility that would apply to the broad class of nucleic acids. 
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Conclusion 

The PTO has asserted two arguments for why there is a lack of a substantial utility: (1) 
that the data reporting differential expression of the PRO 13 57 gene is too sparse or lacking in 
information to be used as a cancer diagnostic; and, (2) that because there is no necessary 
correlation between gene amplification and protein expression, the claimed nucleic acids cannot 
be used as cancer diagnostic or therapeutic tools. Applicants have addressed each of these 
arguments in turn. 

First, the Applicants provide a declaration stating that the data in Example 18 reporting 
higher expression of the PR01357 gene in normal stomach and lung compared to stomach and 
lung tumor tissue, are real and significant. This declaration also indicates the data provide 
sufficient comparative and relative expression information, and that given the relative difference 
in expression levels, the claimed nucleic acids have utility as cancer diagnostic tools. 

Next, Applicants have presented the declarations of two experts in the field along with 
supporting references which establish that the general, accepted view of those of skill in the art is 
that there is a direct correlation between mRNA levels and the encoded protein levels. Thus, one 
of skill in the art would find that it is more likely than not that the claimed nucleic acid has utility 
as a diagnostic tool for cancer, and as the PTO acknowledges, nucleic acids encoding the 
polypeptide also have utility as a result. 

Applicants have also presented the declarations of two experts in the field, along with 
supporting references, which establish that even in the anomalous case where there is no positive 
correlation between gene expression and expression of the encoded protein, the simultaneous 
monitoring of both is useful for diagnosis and further classification of the cancer. 

Finally, Applicants have pointed out that the substantial utilities described above are 
specific to the claimed nucleic acids because the gene encoding PRO 1357 is differentially 
expressed in certain cancer tissue compared to the corresponding normal cells. This is not a 
general utility that would apply to the broad class of polynucleotides. 

Thus, given the totality of the evidence provided, Applicants submit that they have 
established a substantial, specific, and credible utility for the claimed nucleic acids as a 
diagnostic agent. According to the PTO Utility Examination Guidelines (2001), irrefutable proof 
of a claimed utility is not required. Rather, a specific, substantial, and credible utility requires 
only a "reasonable" confirmation of a real world context of use. Applicants submit that they 
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have established that it is more likely than not that one of skill in the art would reasonably accept 
the utility for the claimed nucleic acids relating to PRO 1357 set forth in the specification. In 
view of the above, Applicants respectfully request that the PTO reconsider and withdraw the 
utility rejection under 35 U.S.C. §101. 

Rejection under 35 U.S.C. §112, first paragraph - Enablement 

The PTO rejected "Claims 22-34" under 35 U.S.C. § 112, first paragraph, as containing 
subject matter which was not described in the specification in such a way as to enable one skilled 
in the art to use the invention. Applicants presume that the reference to Claims 22-34 was a 
typographical error, and will address this rejection under the presumption that the PTO intended 
to reject Claims 1-20 or some portion thereof. The PTO argues that because the claimed 
invention is not supported by a substantial, specific and credible utility, the claims are not 
enabled. 

Applicants submit that in the discussion of the 35 U.S.C. § 101 rejection above, 
Applicants have established a substantial, specific, and credible utility for the claimed nucleic 
acids and the encoded polypeptides. Applicants therefore request that the PTO reconsider and 
withdraw the enablement rejection under 35 U.S.C. § 112, first paragraph, based on a lack of 
utility. 

Rejection under 35 U.S.C, SI 12, first paragraph - Written Description 

The PTO has rejection of Claims 1-6, 9-10 and 14-20 under 35 U.S.C. §112, first 
paragraph, as containing subject matter which was not described in the specification in such a 
way as to reasonably convey to one skilled in the art that the inventors, at the time the application 
was filed, had possession of the invention. According to the PTO, because the claims do not 
require that the claimed nucleic acids or encoded polypeptides possess any particular biological 
activity, particular conserved structure, or other disclosed distinguishing feature, the claimed 
genus fail the written description requirement. The PTO states that the claimed genus of nucleic 
acids is defined only by sequence identity. The PTO concludes that in the absence of sufficient 
recitation of distinguishing identifying characteristics, the specification does not provide 
adequate written description of the claimed genus. This rejection and the particular PTO 
arguments are addressed fully below. 
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The PTO also asserts that nucleic acids encoding an extracellular domain have not been 
described. As set forth above, Claims 1-6 and 14 have been amended to remove reference to the 
extracellular domain. Therefore, this particular issue will not be further addressed. 

The Legal Standard for Written Description 

The well-established test for sufficiency of support under the written description 
requirement of 35 U.S.C. §1 12 , first paragraph is whether the disclosure "reasonably conveys to 
artisan that the inventor had possession at that time of the later claimed subject matter." In re 
Kaslow, 707 F.2d 1366, 1375, 2121 USPQ 1089, 1096 (Fed. Cir. 1983); see also Vas-Cath, Inc. 
v. Mahurkar, 935 F.2d atl563, 19 USPQ2d at 1116 (Fed. Cir. 1991). The adequacy of written 
description support is a factual issue and is to be determined on a case-by-case basis. See e.g., 
Vas-Cath, Inc. v. Mahurkar, 935 F.2d at 1563, 19 USPQ2d at 1 1 16 (Fed. Cir. 1991). The factual 
determination in a written description analysis depends on the nature of the invention and the 
amount of knowledge imparted to those skilled in the art by the disclosure. Union Oil v. Atlantic 
Richfield Co., 208 F.3d 989, 996 (Fed. Cir. 2000). 

The Current Invention is Adequately Described 

As noted above, whether the Applicants were in possession of the invention as of the 
effective filing date of an application is a factual determination, reached by the consideration of a 
number of factors, including the level of knowledge and skill in the art, and the teaching 
provided by the specification. The inventor is not required to describe every single detail of 
his/her invention. An Applicant's disclosure obligation varies according to the art to which the 
invention pertains. 

The present invention pertains to the field of recombinant DNA/protein technology. It is 
well-established that the level of skill in this field is very high since a representative person of 
skill is generally a Ph.D. scientist with several years of experience. Accordingly, the teaching 
imparted in the specification must be evaluated through the eyes of a highly skilled artisan as of 
the date the invention was made. The instant invention, defined by the amended claims, 
concerns nucleic acids having a specified sequence identity with the disclosed polynucleotide 
sequence of SEQ ID NO: 77, or encoding a polypeptide with the specified polypeptide sequence 
of SEQ ID NO: 78, and as amended, with the functional recitation: "wherein said isolated nucleic 
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acid is more highly expressed in normal stomach tissue or normal lung tissue compared to 
stomach tumor or lung tumor, respectively, or wherein said isolated nucleic acid encodes a 
polypeptide that is more highly expressed in normal stomach or normal lung tissue compared to 
stomach tumor or lung tumor, respectively." Other claims relate to nucleic acids which hybridize 
to nucleic acids of SEQ ID NO: 77, or polynucleotides which encode a polypeptide of SEQ ED 
NO: 78, under the specified stringent conditions. Based on the detailed description of the 
cloning and expression of variants of PR01357 in the specification, the description of the gene 
amplification assay, the actual reduction to practice of sequences SEQ ID NOs: 77 and 78, and 
the functional recitation in the instant claims, Applicants submit that one of skill in the art would 
know that Applicants possessed the invention as claimed in the instant claims. Hence, 
Applicants respectfully request that the PTO reconsider and withdraw the written description 
rejection under 35 U.S.C. §112. 

Rejections under 35 U.S.C. § 112, second paragraph - Indefiniteness 

The PTO has rejected Claims 1-20 under 35 U.S.C. § 112, second paragraph, as being 
indefinite. The PTO objects to the phrase "the extracellular domain" as PR01357 is not 
disclosed as being expressed on a cell surface. As mentioned above, Applicants have amended 
Claims 1-6 and 14 to delete any reference to an extracellular domain. 

The PTO also rejects Claims 14-16 because "there are no conditions of stringency 
discussed in claim 14." Further, the PTO asserts that "while the skilled artisan understands the 
general concept of hybridization under 'stringent conditions,' what specific conditions are 
intended by the use of the term 'stringent' in claim 15 is unknown." As set forth above, 
Applicants have amended Claim 14 to specify the conditions under which the hybridization 
occurs. Also, Claim 15 has been canceled without prejudice. Thus, Applicants request that the 
PTO reconsider and withdraw the indefiniteness rejection under 35 U.S.C. §112, second 
paragraph. 

Rejection under 35 U.S.C. S102(b) - Anticipation 

Claims 1-20 were rejected under 35 U.S.C. § 102(b) as being anticipated by 
WO 01/16318 and WO 00/12708. 
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The cited references do not anticipate because the instant application claims priority to 
the cited references. Specifically, as set forth in the preliminary amendment filed on September 
5, 2002, the instant "application is a continuation of, and claims priority under 35 U.S.C. § 120 
to, US Application 10/006867 filed 12/6/2001, which is a continuation of, and claims priority 
under 35 U.S.C. § 120 to, PCT Application PCT/US00/23328 filed 8/24/2000, which is a 
continuation-in-part of, and claims priority under 35 U.S.C. § 120 to, US Application 09/403297 
filed 10/18/1999, now abandoned, which is the National Stage filed under 35 U.S.C. § 371 of 
PCT Application PCT/US99/20111 filed 9/1/1999, which claims priority under 35 U.S.C. § 119 
to U.S. Provisional Application 60/099741 filed 9/10/1998" (emphasis added). WO 01/16318 
is the PCT publication of PCT/US00/23328, and WO 00/12708 is the PCT publication of 
PCT/US99/20111. Therefore, the cited PCT publications are improper references under § 102 
and cannot anticipate the claimed subject matter. 

The sequences of SEQ ID NOs: 77 and 78 were first disclosed in U.S. Provisional 
Application 60/099,741 filed 9/10/1998 in Figures 1 and 2. The data in Example 18 (Tumor 
Versus Normal Differential Tissue Expression Distribution), relied on in part for the utility of the 
claimed nucleic acids, were first disclosed in PCT Application PCT/US00/23328 filed 
8/24/2000, on page 93, line 3, through page 96, line 35. 

In view of the above discussion, reconsideration and withdrawal of the rejection under 
§ 102(b) is respectfully requested. 

CONCLUSION 

In view of the above, Applicants respectfully maintain that claims are patentable and 
request that they be passed to issue. Applicants invite the Examiner to call the undersigned if any 
remaining issues may be resolved by telephone. 



-20- 



Appl.No. : 10/063,711 

Filed : May 8, 2002 

Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Account No. 1 1-1410. 

Respectfully submitted, 

KNOBBE, MARTENS, OLSON & BEAR, LLP 



Dated: 



<h^O± By: 



Marc T. Morley 
Registration No. 52,051 
Attorney of Record 
Customer No. 30,313 
(619) 235-8550 
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DECLARATION OF J. CHRISTOPHER GRIMALDL UNDER 37 CFR §1.132 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

I, J. Christopher Grimaldi, declare and state as follows: 

1. I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

3. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
(PCR) analyses. I am currently involved, among other projects, in the isolation of genes coding 
for membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR gene expression analyses in the assay entitled "Tumor Versus 
Normal Differential Tissue Expression Distribution," which is described in EXAMPLE 18 in. the 
specification. These studies were used to identify differences in gene expression between tumor 
tissue and their normal counterparts. 

4. EXAMPLE 18 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 
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primers and analyzing expression of the DNA sequences of interest in normal and tumor tissues. 
The analyses were designed to determine whether a difference exists between gene expression in 
normal tissues as compared to tumor in the same tissue type. 

5. The DNA libraries used in the gene expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a sample from a single individual. That is, the detection of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and +/- to indicate the amount of the specific signal detected. Using the widely accepted 
technique of PCR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tumor tissue as compared 
to its normal counterpart. Because this technique relies on the visual detection of ethidium 
bromide staining of PCR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if further 
information is desired. 

8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 
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J. Christopher Grimaldi 

1434-36^6. 

San Francisco, CA 94122 

(415) 681-1639 (Home) 

EDUCATION University of California, Berkeley 

Bachelor of Arts in Molecular Biology, 1984 



EMPLOYMENT EXPERIENCE 

SRA Genentech Inc., South San Francisco; 1/99 to present 

Previously, was responsible to direct and manage the Cloning Lab. Currently focused on 

(STOP) projects for the Oncology Department as well as Immunologically relevant eenes fnr th* 
tou^hogy Deparnnent. Directed a lab of 6 scientists focused on Sp^deSSoh 
to identify and isolate secreted proteins for potential therapeutic use (SPDI) Forme SPDI nrotct 

?S^^?f Wgen f b y Sloping a smooth process of communication hZ£ L 
Bioinformatics, Cloning, Seqnencing, and Legal teams. Collaborated with several groups to 

St L DOV ? g6ne f * 6 a ^ differential display memol o£y 

Interacted extensively with the Legal team providing essential data needed foSe SZffon 
novel genes discovered through the SPDI, TAP and Curagen projecHfy gtoupZ de^ed. 
miplemented and patented high throughput cloning methodologies mat hL?™ tote ^ 
essential for the isolation of hundreds of novel genes for the SPDI, TAP Jd C^en projects as 
well as dozens of other smaller projects. cum curagen projects as 

Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99 

Sf^T~! B i e understanding novel genes discovered though 

SoTo"f Zt^r d fimCtiODal aSSayS ' DeVeloped and P atented a method specific 
depletion ^of eosinophils in vivo using monoclonal antibodies. Developed and implemented 

essential technical methodologies and provided strategic direction in thTar^s oftxTeS 

TrSZ ^T™' geDeral m ° leCUlar biol °^ monoclonal antibod^proTction 
Tramed and supervised numerous technical staff. ypiuaucuon. 

Facilities 

Manager Corixa, Redwood City; 5/89 - 7/91. 

Directed plant-related activities, which included expansion planning, maintenance safetv 
purchasuig, inventory control, shipping and receiving, and laborato^ZagtmeS oSgned 
and implemented the safety program. Also served as liaison to regulatory agencies' * Seal 

SZSZS*^ eVeL W " " Charge ° f Pr ° perty leases « leasehol^SXt 
Negotiated vendor contracts and directed the purchasing department. Trained and suoervised 
personnel to carry out the above-mentioned duties. supervised 
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SRA University of (Mfornia, San Francisco 

Cancer Research Institute; 2/87-4/89. 



Was responsible for numerous cloning projects including: studies of somatic hypermutation 
studies of ATOS-associated lymphomas, and cloning of t(5;14), t(l 1;14), and S 
teans ocations. Focused on the activation of hemopoietic growth factors involved in the t(5;14) 
translocation in leukemia patients.. , v ' 7 
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Research 

Technician Berlex Biosciences, South San Francisco; 7/85-2/87. 

Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was 
S^ril g ' Derating S en( T c with degenerate oligonucleotides, and 

t^£ZZ5^ aC * ^^ctedageneralpu^oseexpr^on 

PUBLICATIONS 

*" SJ^t^VL^ ,<TheSec reted Protein Discovery Initiative (SPDI), a Large-scale 
Effort to Identify Novel Human Secreted and Transmembrane Proteins: a bioinformatics 
assessment" Genome Res. Vol 13(10), 2265-2270, 2003 

Sean H. Adams, Clarissa Cnur Sarah L. Schilbach, Xing Xian Yu, Audrey D. Goddard, J 
Christopher GnmaldUames Lee, Patrick Dowd, David A. Lewin, & Steven Colman' BFTT 
a Umque Acyl-CoA Thioesterase Induced in Thermogenic Brown Adiopose Tissue: Cloning 

£urn^V™ miS^Jm ^ aSStSS ™ Dt ° f 3 POteDtial **» Biochemicaf' 

Szeto W, Jiang W, Tice DA, Rubinfeld B, Hollingshead PG, Fong SE, Dugger DL Pham T 

cT^hwal^ ^ C S*» RT ' Smgh JS ' Fiante • D ™ C-wlJ; 

^rhariDA^astplIi L, Polakis P, andj»ennica D. "Overexpression of 

bv w^H ^ P !T!? ne Stia6 m Human QuicSb 811(1 its Synergistic Activation 
by Wnt-1 and Retmoic Acid." Cancer Research Vol. 61(10), 4197-4205, 2001 

mi^l^^^^^ 1 ^ ^ Xja ° hna Xin ' Juliet E. Bryant, Gordon Vehar, 
Jill Schoenfeld, J. Chnstopher Gnmaldi (incorrectly named as "Grimaldi, CJ") Franklin 
Peale Apama Draksharapu, David A. Lewin, and Mary E. Gerritsen. "Gene Expression 
188M«IO 2000 MOdd ° f ^ ogenesis " American Journal of Pathology Vol 156(6), 

2S n S2 v '7 ? l^SST 8 ? Seymour BW ' Cottrez F « Robinson DS » H<*ken N. Ferlin 
WG, Wu X, Soto H, O'Garra A Howard MC, Coffman RL. "Depletion of eosinophils in 
mice through the use of antibodies specific for C-C chemokine receptor 3 (CCR3) . Journal of 
Leukocyte Biology; Vol. 65(6), 846-53, 1999 /Journal or 

Oliver AH Grimaldi JC, Howard MC, Kearney JF. "Independently ligating CD38 and Fc 
gammaRIIB relays a dominant negative signal to B cells." Hybridoma Vol. 18(2), 113-9, 



© 



© 



7. Cockayne DA, Muchamuel T, Grimaldi JC, Muller-Steffher H, Randall TD Lund FE 
Murray R Schuber F .Howard MC. "Mice deficient for the ecto-nicotinamide aderun'e 
Su3^ 3 t 1998 CD38 eXhiWt ^ hUm0ral kmnU,ie ^^es" Blood Vol. 

8. FrancesE Lund, Nanette W. Solvason, Michael P. Cooke, Andrew W. Heath J Christooher 

2S^2S?K «• paired in antigen receptor unresponsive B 

cells. European Journal of Immunology, Vol: 25(5), 1338-1345, 1995 

9. M. J. Guimaraes, J. F. Bazan, A. Zolotnik, M. V. Wiles, J. G. Grimaldi, F. Lee T 
McClanahan "A new approach to the study of haematopoietic development in* the yolk sac 
and embryoid body." Development, Vol. 121(10), 3335-3346, 1995 

10 ' r^j S ? Pher Sriram Balasubramanian ' >• Fernando Bazan, Armen Shanafelt, 

Gerard Zurawda iand Maureen Howard. «CD38-mediated protein ribosylation » Journal of 
Immunology.Vol. 155(2), 811-817, 1995 ^yiaaon. journal ot 

11. LeopoldoSantos-Argumedo, Frances F.Lund, Andrew W. Heath, Nanette Solvason Wei 
Wei Wu, J. Christopher Grimaldi, R M. E. Parkhouse and Maureen Howard "CD38 
u^ponsiveness of xid B cells implicates Bruton's tyrosine kinase (btk) as a regulator of 
CD38 induced signal transduction," International Immunology, Vol 7(2), 163-170, 1995 

12 ' S'SmfT 8 ^ L ChriSt °f ^ ° dna ^ R ' M - E - Parkhouse ™ d Maureen 
16X10^469^ ms ™rn«noregul a tory ectoenzyme." Immunology Today, Vol: 

B * ^TL 110 ^ p C i^ 0 £ he f Grimaldi ' L Femando Bazan » Frances E - Lund, Leopoldo 
Santo S -Argumedo,R.M.E. Parkhouse, Timothy F. Walseth, and Hon Cheung Lee 

14 ' ESSy?? Harada.L^poldo S^tos^gujnedp, Ray.Chang, J.Christopher Grimaldi, Frances 
LunJ Camilynn I. Brannan, Neal G. Copeland, Nancy A. Jenkins, Andrew Heath, R ME 

fsUin^TlTl^ Hom ^gy to Human CD38." The Journal of Immunology, Vol. 

15. David J. Rawlings, Douglas C. Saffian, Satoshi Tsukada, David A. Largaespada, J 
Chnstopher Gnmaldi, Lucie Cohen Randolph N. Mohr, J. Fernando Bazan, Maureen 

bZS?;^ C i 0Peland, ^ A - JenMDS ' ° Wen Witte - " Mutation of Unique Region of 
Bruton s Tyrosine Kinase m Immunodeficient XID Mice." Science, Vol. 261, 358-360, 1993 

16. J Christopher Grimaldi, Raul Torres, Christine A. Kozak, Ray Chang, Edward Clark 

ol TS ™rtni D ^ A - Cocfa * ne - ,,Genomic Structure Tchromosomal Mapping 
of the Munne CD40 Gene." The Journal of Immunology, Vol 149, 3921-3926, 1992 

17 ' S^r^M 06 Stounlza. Lawrence Kaplan, Brian Herndier, Henry Sanchez, J. 
M%2fc ^T^u'^ BaUmgartner ' Jacab RacUin > Ellen Feigal, Mark Rosenblum and 
Michael S. McGrath. "Evidence for Molecular Subtypes of HIV-Associated Lymphoma- 



Division into Peripheral Monoclonal, Polyclonal and Central Nervous System Lymphoma." 
AIDS, Vol. 5, 669-674, 1991 F 

18. Ann Grimaldi and Chris Grimaldi. "Small-Scale Lambda DNA Prep." Contribution to 
Current Protocols in Molecular Biology, Supplement 5, Winter 1989 

19. J. Christopher Grimaldi, Timothy C. Meeker. "The t(5;14) Chromosomal Translocation in a 
Case of Acute Lymphocytic Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin 
Heavy Cham Gene." Blood, Vol. 73, 2081-2085, 1989 

20. Timothy C. Meeker, J. Christopher Grimaldi, et al. "An Additional Breakpoint Region in the 
BCL-1 Locus Associated with the t(ll;14) (ql3;q32) Translocation of B-Lymphocytic 
Malignancy." Blood, Vol. 74, 1801-1806, 1989 

21 Timothy C. Meeker, J. Christopher Grimaldi, Robert ORourke, et al. "Lack of Detectable 
Somatic Hypermutation in the V Region of the Ig H Chain Gene of a Human Chronic B 
Lymphocytic Leukemia." The Journal of Immundiogy, Vol. 141, 3994-3998, 1988 

MANUSCRIPTS IN PREPARATION 

1. Sriram Balasubramanian, J. Christopher Grimaldi, J. Fernando Bazan, Gerard Zurawski and 
Maureen Howard. "Structural and functional characterization of CD38: Identification of 
active site residues" 



PATENTS 

1 . "Methods for Eosinophil Depletion with Antibody to CCR3 Receptor" (US 6,207, 155 B 1). 

2. "Amplification Based Cloning Method." (US 6,607,899) 

3. Ashkenazi et al., "Secreted and Transmembrane Polypeptides and Nucleic Acids Encoding 
the Same." (mis patent covers seyer^ huadred) genes) ,» 

4. "IL-17 Homologous Polypeptides and Therapeutic Uses Thereof 

5. "Method of Diagnosing and Treating Cartilaginous Disorders." 
MEMBERSHIPS AND ACTIVITIES 

Editor Frontiers in Bioscience 



Member 



DNAX Safety Committee 1991-1999 

Biological Safety Affairs Forum (BSAF) 1990-1991 

Environmental Law Foundation (ELF) 1990-1991 
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DECLARATION OF J. CHRISTOPHER GRIMALDL UNDER 37 C.F.R § 1.132 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 



I, J. Christopher Grimaldi, declare and say as follows: 

1. I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. I joined Genentech in January of 1 999. From 1 999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including qualitative Polymerase Chain Reaction (PCR) 
analyses. I am currently involved in, among other projects, the isolation of genes coding for 
membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi -quantitative PCR analyses in the assay entitled "Tumor Versus Normal 
Differential Tissue Expression Distribution" which is described in EXAMPLE 18 in the 
specification that were used to identify differences in gene expression between tumor tissue and 
their normal counterparts. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

4. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
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Chromosomal aberrations, such as gene amplification, and chromosomal translocations are 
important markers of specific types of cancer and lead to the aberrant expression of specific 
genes and their encoded polypeptides, including over-expression and under-expression. For 
example, gene amplification is a process in which specific regions of a chromosome are 
duplicated, thus creating multiple copies of certain genes that normally exist as a single copy. 
Gene under-expression can occur when a gene is not transcribed into mRNA. In addition, 
chromosomal translocations occur when two different chromosomes break and are rejoined to 
each other chromosome resulting in a chimeric chromosome which displays a different expression 
pattern relative to the parent chromosomes. Amplification of certain genes such as Her2/Neu 
[Singletons ah, Pathol. Annu. , 27Ptl: 165-190], or chromosomal translocations such as t(5;14), 
[Grimaldi et aL Blood , 73(8):2081-2085(1989); Meeker et al 9 Blood . 76(2):285-289(1990)] give 
cancer cells a growth or survival advantage relative to normal cells, and might also provide a 
mechanism of tumor cell resistance to chemotherapy or radiotherapy. When the chromosomal 
aberration results in the aberrant expression of a mRNA and the corresponding gene product (the 
polypeptide), as it does in the aforementioned cases, the gene product is a promising target for 
cancer therapy, for example, by the therapeutic antibody approach. 

5. Comparison of gene expression levels in normal versus diseased tissue has 
important implications both diagnostically and therapeutically. For example, those who work in 
this field are well aware that in the vast majority of cases, when a gene is over-expressed, as 
evidenced by an increased production of mRNA, the gene product or polypeptide will also be , 
over-expressed. It is unlikely that one identifies increased mRNA expression without associated 
increased protein expression. This same principle applies to gene under-expression. When a 
gene is under-expressed, the gene product is also likely to be under-expressed. Stated in another 
way, two cell samples which have differing mRNA concentrations for a specific gene are 
expected to have correspondingly different concentration of protein for that gene. Techniques 
used to detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization, 
quantitative PCR, Taqman, and more recently Microarray technology all rely on the dogma that a 
change in mRNA will represent a similar change in protein. If this dogma did not hold true then 
these techniques would have little value and not be so widely used. The use of mRNA 
quantitation techniques have identified a seemingly endless number of genes which are 
differentially expressed in various tissues and these genes have subsequently been shown to have 
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA 
expression is expected to result in increased polypeptide expression, and the detection of 
decreased mRNA expression is expected to result in decreased polypeptide expression. The 
detection of increased or decreased polypeptide expression can be used for cancer diagnosis and 
treatment. 

6. However, even in the rare case where the protein expression does not correlate 
with the mRNA expression, this still provides significant information useful for cancer diagnosis 
and treatment. For example, if over- or under-expression of a gene product does not correlate 
with over- or under-expression of mRNA in certain tumor types but does so in others, then 
identification of both gene expression and protein expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In addition, absence of over- or 



AppL No. 
Filed 



10/063,557 
May 2, 2002 



under-expression of the gene product in the presence of a particular over- or under-expression of 
mRNA is crucial information for the practicing clinician. For example, if a gene is over-expressed 
but the corresponding gene product is not significantly over-expressed, the clinician accordingly 
will decide_not to treat a patient with agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 

Date: j£] Ml^l 



By: 
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/istopher Grimaldi 
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J. Christopher Grimaldi 

1434.36 th Ave. 

San Francisco, CA 94122 

(415) 681-1639 (Home) 

EDUCATION University of Cahfornia, Berkeley 

Bachelor of Arts in Molecular Biology, 1984 



EMPLOYMENT EXPERIENCE 

SRA Genentech Inc., South San Francisco; 1/99 to present 

£2!^ Currently focused on. 

(STOP) projects for the Oncology Department as well as Immunologically relevant genes for the 
^unotogy Department. Directed a lab of 6 scientists focused on £ cJ^SXZ dftte 

ItSf ^ SCC f ed Pr ° teinS f ° r < SPD ^ Fo7meSP^I prefect 

ZutnS criticaU y important coordination of the cloning of * ' 

SoS^ a ^ ?? Ve ge T' ty a smooth P^s of communication betwefn the 

Biomformatics, Cloning, Sequencing, and Legal teams. Collaborated with several groups to 
discover novel genes through the Curagen project, a unique differential display wSSScL 

^S^T^JT PIOViding data neededUfZg pttenSon 

novel genes discovered through the SPDI, TAP and Curagen projects. My group has develonS. 
implemented and patented high throughput cloning methodologies that hLf^roven^tfbe 
essential for the isolation of hundreds of novel genes for the SPDI, TAP Z £2J projects as 
well as dozens of other smaller projects. curagen projects as 

Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99 

Involved inmul^pje projectsjumkrat nnderstanding novel genes discovered though 

StSSr 3SSayS - Devel °P ed ***** * method forAe specific 

depletion of eo sin ophils in vivo usmg monoclonal antibodies. Developed and implemented 
essential technical methodologies and provided strategic direction in tTareas rfexp^ on 

TrSZ PUnfi r° n ' g6neral m ° leCUlar bi ° l0g y' «* monoclonal ^ody pSction. 
rramed and supervised numerous technical staff. 

Facilities 

Manager Corixa, Redwood City; 5/89 - 7/91 . 

Plant - rel f ed activit | es ' which inctaded ex P^ion planning, maintenance, safety, 

P Z ^Zt Th T C ? ntrol * Shippmg and r6ceiving ' ^ laboratory management Designed 

^SSS^^T^ PTOg T- ?° ^ 35 Ms ° n t0 regulator y « the focal, 

state and federal level. Was in charge of property leases, leasehold improvements, etc 

""J" 5 ? ^ dtoctod ^ P^^g department. Trained and supervised 
personnel to carry out the above-mentioned duties. R 
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SRA University of California, San Francisco 

Cancer Research Institute; 2/87-4/89. 

Was responsible for numerous cloning projects including: studies of somatic hypermutation, 
studies of AIDS-associated lymphomas, and cloning of t(5;14), t(ll;14), and t(814) 
tons locations. Focused on the activation of hemopoietic growth factors involved in the t(5 ; 14) 
translocation in leukemia patients.. , 

Research 

Technician Berlex Biosciences, South San Francisco; 7/85-2/87. 

Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was 
responsible for generating genomic libraries, screening with degenerate oligonucleotides, and 
ch^tenzmg and expressing clones in E. coli. Also constructed a general purpose expression 
vector tor use by other scientific teams. 

PUBLICATIONS 

** ^ a ^. F 'r? ar V t x al - " The Secreted Protein Discovery Initiative (SPDI), a Large-scale 
Effort to Identify Novel Human Secreted and Transmembrane Proteins: a bioinformatics 
assessment" Genome Res. Vol 13(10), 2265-2270, 2003 

2. Sean H. Adams, Clarissa Chur Sarah L. Schilbach, Xing Xian Yu, Audrey D. Goddard, J 
Christopher Gnmaldi, James Lee, Patrick Dowd, David A. Lewin, & Steven Column' BFIT 
a Unique Acyl-CoA Thioesterase Induced in Thermogenic Brown Adiopose Tissue: Cloning 

SXSvS tst^SSS wd ******** of a potentiaI to obesity " Biochemical 

3. Szeto W, Jiang W, Tice DA, Rubinfeld B, Hollingshead PG, Fong SB, Dugger DL, Pham T 

CW Schwall RH EterhardDAj^lastelli L, PolaMs P, andj»ennica D. "Overexpression of 
the Retenoic Acid-Responsive Gene Stra6 in Human Cancers and its Synergistic Activation 
by Wnt-1 and Retinoic Acid." Cancer Research Vol. 61(10), 4197-4205, 2001 

4. Jeanne > Kahn, , Fuad IMehraban, Gladdys Ingle, Xiaohua Xin, Juliet E. Bryant, Gordon Vehar, 
JH1 fccnoenfeld, J. Chnstopher Grimaldi (incorrectly named as "Grimaldi, CJ") Franklin 
Peale Aparna Draksharapu, David A. Lewin, and Mary E. Gerritsen. "Gene Expression 
1887-1900 2000 ° f Angiogenesis " Am er *can Journal of Pathology Vol 156(6), 

5 ' 1° 'J" ^ Gnmig °' Seymour BW ' Cottrez F ' Robinson DS > H^ken N, Ferlin 

WG, Wu X Soto H, O'Garra A, Howard MC, Coffman RL. "Depletion of eosinophils in 
mice through the use of antibodies specific for C-C chemokine receptor 3 (CCR3) Journal of 
Leukocyte Biology; Vol. 65(6), 846-53, 1999 

6. Oliver AM, Grimaldi JC, Howard MC, Kearney JF. "Independently ligating CD38 and Fc 
gammaRUB relays a dominant negative signal to B cells." Hybridoma Vol. 18(2), 1 13-9, 
1999 * * 
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7. Cockayne DA Muchamuel T, Grimaldi JC, Muller-Stefther H, Randall TD, Lund FB 
Murray R,SchuberF, Howard MC. "Mice deficient for the ecto-rdcotinamlde^e 

^Sat 1998 0038 eXhiWt ^ hUm0ral Umame Bl00d V <»- 

8. Frances E. Lund, Nanette W. Solvason, Michael P. Cooke, Andrew W Heath T rhri<*™K~ 
Grimaldi Troy D. Randall, R. M. E. Parkhouse, Cbxistophe^olw^ MaS 

is ***** - antigen receptor b 
cells. European Joumdof Immunology, Vol: 25(5), 1338-1345, 1995 

9 ' ^•^ u ma, ^; J F Bazan,A . Zolotrak, M. V. WUes, J. C. Grimaldi, F. Lee T 

and K^ De « W ^ Pr ? aCh 10 * e StUdy of haematopoietic development in" the yolk sac 

and embryoid body." Development, Vol. 121(10), 3335-3346, 1995 

10 * ^5 Sriram Balasubramanian, J. Fernando Bazan, Armen Shanafelt, 

SST 8 0f ,^ B r US BrUt ° n ' S kinase 0*) as a regulator of 

CD38 induced signal transduction." Intemational Immunology, Vol 7(2), 163-170, 1995 

12 ' HXaS L ST^ 0l ^ 0n • L CMSt0 f ^ M ' E - Parkhouse - d Maureen 
16(7^469^ \Ss immUn ° regUlat0ry eCt ° enz > rme -" Immunology Today, Vol: 

13. Maureen Howard, J Christopher Grimaldi, J. Fernando Bazan, Frances E. Lund, Leopoldo 
Santos-Argumedo, R. M. E. Parkhouse, Timothy F. Walseth, and Hon Cheung 

cr, 0 ^ 

14 ^T^^^ 01 ^^^^ Ray.Chang, J.Christopher Grimaldi, Frances 
LunJ Canoilynn Lfirannan, Neal G. Copeland, Nancy A. Jenkins, Andrew Heath R M E 

B ^TrV^T*? H °^ anI - ,,Ex P^n Cloning of a cDNA Encoding a^vel Murine 
m%M?Tim eK Homolo ^ toHuman CD38.» The Journal of Immunology^T 

15 ' SS J K Raw i?S s ' C Saftran, Satoshi Tsukada, David A Largaespada, J. 
Christopher Gnmakh, Lucie Cohen Randolph N. Mohr, J. Fernando Bazan, Maureen 

BmZ^ A - JenkinS ' ° Wen Witte " " Mutati on of UmqSegion of 
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The t(5;14) Chromosomal Translocation in a Case of Acute Lymphocytic 
Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin Heavy Chain Gene 

By J. Christopher Grimaldi and Timothy C. Meeker 



Chromosomal translocations have proven to be important 
markers of the genetic abnormalities central to the patho- 
genesis of cancer. By cloning chromosomal breakpoints 
one can identify activated proto-oncogenes. We have stud- 
ied a case of B-lineage acute lymphocytic leukemia (ALL) 
that was associated with peripheral blood eosinophilia. The 
chromosomal translocation t{5;14) (q31;q32) from this 
-sample wairdoned and studied^rt the molecular level. This 

KARYOTYPIC STUDIES of leukemia and lymphoma 
have identified frequent nonrandom chromosomal 
translocations. Some of these translocations juxtapose the 
immunoglobulin heavy chain (IgH) gene with important 
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Fig 1. DNA blots of the leukemia sample. The restriction 
fragment pattern of normal human DNA (N) and the leukemia 
sample (L) were compared using a human Jh probe. Rearranged 
bands are indicated by arrows. Sample L exhibits a single rear- 
ranged band with both Hind 111/fcoRI and SauZA restriction 
digests. The rearranged bands are less intense than the other 
bands because the majority of cells in the sample represent normal 
bone marrow elements. 



translocation Joined the immunoglobulin heavy chain Join- 
ing ( Jh) region to the promotor region of the interleukin-3 
(IL-3) gene in opposite transcriptional orientations. The 
data suggest that activation of the IL-3 gene by the 
enhancer of the immunoglobulin heavy chain gene may play 
a central role in the pathogenesis of this leukemia and the 
associated eosinophilia. 
* 1989 by Grvne & Strattorn Inc. 

protooncogenes, such as omyc and 6c/-2. w In this way, the 
IgH gene can activate proto-oncogenes, resulting in disor- 
dered gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions into the IgH locus allows us to identify new genes 
promoting the generation of leukemia and lymphoma. 

A distinct subtype of acute lymphocytic leukemia (ALL) 
has been characterized by B-lineage phenotype, associated 
eosinophilia in the peripheral blood, and a t(5;14)(q31;q32) 
chromosomal translocation. 5 * 4 This syndrome probably 
occurs in <\% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the interleukin-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion. 

MATERIALS AND METHODS 

Sample and DNA blots. A bone marrow aspirate from a repre- 
sentative patient with ALL (LI morphology by French-American- 
British [FAB] criteria), peripheral eosinophilia (up to 20,000 per 
microliter with a normal value of <350 per microliter) and a 
t(5;14)(q31;q32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made. 5 Briefly, 
10 jig of high molecular weight (mol wt) DNA were digested using 
an appropriate restriction enzyme and electrpphoresed on a 0.8% 
"agarose , $el. The gel was stained with ethidium bromide, photo- 
graphed, denatured, neutralized, and transferred to Hybond (Amer- 
sham, Arlington Heights, IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jh probe has been previously reported. 6 

Genomic library. The genomic library was made using pub- 
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lished methods. 5 Approximately 100 /ig of high mol wt genomic 
DNA were partially digested with the Saul A restriction enzyme 
Fragments from 9 to 23 ldlobases (kb) in size were isolated on a 
sucrose gradient and ligated into phage EMBL3 A (Strategcne, San 
Diego). Recombinant phage were packaged, plated, and screened as 
previously reported. 5 

DNA sequencing. Fragments for sequencing were cloned into 
M13 vectors and sequenced by the chain termination method using 
Sequenase (United States Biochemical, Cleveland). 7 All sequence 
data were derived from both strands. 

RESULTS 

We studied a bone marrow sample from a patient with 
ALL and associated peripheral eosinophilia. Karyotypic 
analysis showed the characteristic t(5;14)(q31;q32) translo- 
cation. These features define a distinctive subtype of ALL. 3 * 4 
The leukemic cells were analyzed for cell surface phenotype 
by immunofiuorecence. They were positive for Bl (CD20) 
B4 (CD19), cALLA (CD10), HLA-DR, and terminal 
deoxynucleotidyi transferase (Tdt), but negative for surface 
immunoglobulin. This phenotypic profile describes an imma- 
ture cell from the B-lymphocytic lineage.* 

The leukemia DNA was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immuno- 
globulin Jh probe, a single rearranged band was detected by 
EcoKl, Hindllh Sstl, Sau3K and EcoKl plus Hindlll 
restriction digests, suggesting rearrangement of one allele 
(Fig I ). The immunoglobulin Jh region from the other allele 
was presumably either deleted or in the germline configura- 
tion. 

We hypothesized that the t(5;14)(q31;q32) juxtaposed a 
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growth-promoting gene on chromosome 5 with the immuno- 
globulin Jh region on chromosome 14. Therefore, a genomic 
library was made from the leukemic sample and screened 
with a Jh probe. Fifteen distinct positive clones were isolated 
and screened for the presence of the rearranged Sau3A 
fragment that was detected by DNA blotting. By this 
analysis, five clones appeared to represent the rearranged 
allele identified by DNA blots. One of these clones (clone no 
4) was chosen for further study and a detailed restriction 
ffiapwa* generated. The EcoKZ Wn^n/EcoKl 9 iidSsW 
fragments from clone no. 4 that hybridized to the human Jh 
probe were also identical in size to the rearranged fragments 
from the leukemia sample, confirming that clone no. 4 
represented the rearranged leukemic allele. 

Phage clone no. 4 contained 3.7 kb of unknown origin 
joined to the IgH gene in the region of Jh4 (Fig 2). The IgH 
gene from Jh4 to the Cmu region appeared to be in germline 
configuration. Previously, the gene encoding hematopoietic^ 
growth factor IL-3 had been mapped to chromosome 5q3 1 so 
it wiw suspected that clone no. 4 might contain part of this 
gene. When the restriction map of human IL-3 and clone 
no. 4 were compared, they were identical for more than 3 kb 
(Fig 2). 

We confirmed the juxtaposition of the IL-3 gene and the 
IgH gene by nucleic acid sequencing of the subcloned 
BstEll/Hpal fragment (Fig 2). The sequence of this frag- 
ment showed no disruption of the protein coding region or the 
messenger RNA of the IL-3 gene. The break in the IL-3 gene 
occurred in the promoter region, 452 base pairs (bp) 
upstream of the transcriptional start site (position 64, Fig 
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3A). The break in the IgH gene occurred 2 bp upstream of GM-CSF maps within 9 kb of IL-3 in the same transcrip- 

the Jh4 region. Between the two breaks, 25 bp of uncertain tional orientation. 16 Using this information and assuming a 

origin (putative N sequence) were inserted. 13 * 14 No sequences simple translocation event in our sample, we can conclude 

homologous to the immunoglobulin heptamer arid nonamer that the IL-3 gene is normally more centromeric, and the 

could he identified in the IL-3 sequence (Fig 3B). Therefore, GM-CSF gene more telomeric on chromosome 5q (Fig 4). 

nucleic acid sequencing confirmed the juxtaposition of the Furthermore, both are transcribed with their 5' ends toward 

IL-3 gene and the IgH gene. The sequence data clearly the centromere, 
showed that the genes were positioned in opposite transcrip- 
tional orientations (head-to-head). DISCUSSION 

.Available data also allowed us to determine the normal In this report we have cloned a unique chromosomal 

positions of the IL-3 gene and the GM-CSF gene in relation translocation that appears to be a consistent feature of a rare, 

to the centromere of chromosome 5 (Fig 4). The IgH gene is yet distinct, clinical form of acute leukemia. This transloca- 

known to be positioned with the variable regions toward the tion joined the promotor of the IL-3 gene to the IgH gene, 

telomere on chromosome 14q. W5 It has also been shown that Except for the altered promotor, the IL-3 gene appeared 

A 5 1 GGTGACCAGGCTTCCCTG(^CCCAGTAGTCAAAGTAGTAGAGGTAATTCA fi0 
3 • CCACTGGTCCCAAGGGACCGGGGTCATCAGTTTCATCATCTCCATTAAGTAGTATCGA 

3 1 ATGGOTGtT^ 160 

m ********* 

5 ■ GTAGTCCAGCTTGATGGCAGATGAGATCCCACTGGGCAGGAGGCCTCAGTGAGCTGA 2 , fl 

3 • C ATCAGGTCCACTACCGTCTACTCTAGGGTGACCCGTCCTCCGGAGTCACTCGAC 

5 ■ GGGGTCCTCTCACCTGCTGCCATGCTTCCCATCTCTCATCCTCCTTGAC * ~ fl 

3 1 CCCCAGGAGAGTGGACGACGGTACGAAGGGTAGAGAGTAGGAGGAACTGTTCTACTTC^^ 

• ********* # 

5 1 TTTCTTGTTTCACTGATCTTGAGTACTAGAAAGTCATGGATGAATAATO Aaa 
3 1 AAAGAACAAAGTGACTAGAACTCATGATCTTTCAGTACCTACTTATTAATGC AGACACCAAAAGAT 

5 1 CAGATAAAGATCCTTCCGACGCCTGCCCCACACCACCACCTCCCCCC - ft fl 

3 'GTCTATTTCTAGGAAGGCTGCGGACGGGGTGTGGTGGTGGAGGGGGGCGGAACGGGCCGCAACACCCGTGGAACGACGAC * DU 

5 'CAC ATATAA GGCGGGAGGTTGTTGCCAACTCTTCAGAGCCCCACGAAG t- f . 
3 ■ GTGTATATTCCGCCCTCCMCAACGGTTGAGAAGTCTCGGGGTGCTTCCTGGTCTTC 



5 ' CCAAACM£AGCCGCCTGCCCGTCCTGCTCCT^ 

3 1 GGTTTGTACTCGGCGGACGGGCAGGACGAGGACGAGGTTGAGGACCAGGCGGGGCCTGAGGTTC 



64C 



5 1 AACGTCCTTGAAGACAAGCTGGGTTAAC 3 
3 1 TTGCAGGAACTTCTGTTCGACCCAATTG 5 



CI t TVi A 5 1 TGGCCCCAGTAGTCAAAGTAGTCACATTGTGGGAGGCCCCATTAAGGGGTGCACAAAAACCTGACTCTC 
D x 9 Jn4 3 1 ACCGGGGTCATCAGTOTCAT C AGTGTAACA CCCTCCGGGGTAATTCCCCAC GTGTTTTTGGA CTGAGAG 

+-H-+++++++++++++++++++ 

ri 5 ' TGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTCATCATAGCTGCGGATTAGC AGCGTGACCGGCTACCA 

• 3 1 ACCGGGCTCATCAGTTTCATC ATCTCCATTAAGTAGTATCGACGCCTA ATCGTCGCACTGGCCGATGGT 

++++++++++++++++++++++ 

5 ■ GGCACCAAGAGATGTGCTTCTCAGAGCCTGAGGCTGAACGTGGATGTTTAGCAGCGTGACCGGCTACCA 
1 X ~ 3 3 • CCGTGGTTCTCTACACGAAGAGTCTCGGACTCCGACTTGCACCTACAAATCGTCGCACTGGCCGATGGT 

Fig 3. Sequence of t(6;14)(q31 ;q32) breakpoint region. (A) Nucleotide sequence of the ButmiHpaA fragment Indicated on Fig 2. 
Nucleotides 1 to 38 represent the Jh4 coding region underlined on the coding strand/ Nucleotides 39 to 63 are a putative N region. The 
sequence from position 64 to 668 Is that of the germUne 0.-3 gene." The IL-3 TATA box (486), transcription start (616), and initiation 
methionine (667) are underlined. Two proposed regulatory sequences In the promotor are marked by asterisks (positions 1 82 and 388). (B) 
Comparative sequence of the t(6;14)(q31;q32) breakpoint region. The lgJh4 region Is shown with Its coding region, heptamer, and 
nonamer underlined. Clone no. 4 is shown with putative N region sequences underlined. The IL-3 sequence Is also shown. A plus sign i + ) 
denotes the identical nucleotide between sequences. No heptamer or nonamer is identified in the IL-3 sequence. 
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5q31 b shown with the GM-CSF gene telomerfo to the IL-3 gene In 
the transcriptional orientation shown. On normal chromosome 
14q32 the Vh regions are telomeric. The t(5;14)(q31;q32) translo- 
cation results in the head-to-head orientation of these genes. 
Symbols are defined in Rg 2. BP, breakpoint position. 



intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
truncated at the Jh4 region, which places the immunoglobu- 
lin enhancer within 2.5 kb of the IL-3 gene. 17 - 18 This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene. The same mechanism is 
important for activation of the c-myc gene in some cases of 
Burkitt's lymphoma. 19 An alternate hypothesis is that the 
elimination of an upstream IL-3 promoter element is crucial 
to the activation of the IL-3 gene. 

The proposed activation of the IL-3 gene suggests that an 
u^J^ h im P°rtant for the pathogenesis of this 
leukemia. Over-expression of the IL-3 gene coupled with 
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the presence of the IL-3 receptor in these cells could account 
for a strong stimulus for proliferation. In this regard, there 
are data indicating that immature B-iineage lymphocytes 
and B-lineage leukemias may express the IL-3 receptor. 21 * 23 

An additional feature of this type of leukemia the 
dramatic eosinophilia, consisting of mature forms. It has 
been hypothesized that the eosinophils do not arise from the 
malignant clone, but are stimulated by the tumor. 23 - 24 
Because of the known effect of on eosinophil differentia- 
tion, secretion of high levels of IL-J by lexeme cells might 
have a role in the eosinophilia in this type of leukemia. 12 

The data suggest that the recombination mechanism that 
is active in the IgH gene during normal differentiation has a 
role in this translocation. 13 * 14 This is supported by the break- 
point location at the 5' end of Jh4 and the presence of 
putative N-region sequences. On the other hand, no recombi- 
nation signal sequence (heptamer and nonamer) was found 
m this region on chromosome 5, suggesting that additional 
factors also played a role. Further studies will elucidate the 
mechanism of this and other translocations.. 

In the leukemia we studied, it is possible that the immuno- 
globulin enhancer also activates the GM-CSF gene, since 
this gene is probably positioned only 14 kb away (Fig 4). This 
is known to be within the range of enhancer activation. 23 The 
interleukin-5 (11^5) gene maps to chromosome 5q31 * 
Deregulation of the IL-5 gene by this translocation would act 
synergisticaUy with IL-3 in the stimulation of eosinophil 
proliferation and differentiation. 27 These and other questions 
will be answered by the study of more patient samples. We 
plan to determine whether the t(5;14)(q31;q32) transloca- 
tion is capable of activating multiple lymphokines simulta- 
neously and whether they cooperate in the generation of this 
leukemia. 
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RAPID COMMUNICATION 

Activation of the Interleukin-3 Gene by Chromosome Translocation in Acute 
Lymphocytic Leukemia With Eosinophil 

By Timothy C. Meeker, Dan Hardy, Cheryl Willman, Thomas Hogan, and John Abrams 



The t(5;14)(q31;q32) translocation from B-lineage acute 
lymphocytic leukemia with eosinophil has been cloned 
from two leukemia samples. In both cases, this transloca- 
tion Joined the IgH gene and the interleukln-3 (IL-3) gene. In 
one patient, excels IL-3 mRNA was produced by the 
leukemic cells. In the second patient, serum IL-3 levels 
were measured and shown to correlate with disease 

A NUMBER OF chromosome translocations have been 
associated with human leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovery or characterization of proto-oncogenes, such as 
bcLX c-aW, and omyc % that are-located adjacent to the 
translocation. 1 - 2 It is now widely understood that cancer- 
associated translocations disrupt nearby proto-oncogenes. 

A distinct subtype of acute leukemia is characterized by 
the triad of B-lineage irnmunophenotype, cosinophilia, and 
the t(5;14)(q31;q32) translocation. 3 * 4 Leukemic cells from 
such patients have been positive for terminal deoxynucleotidyl 
transferase (Tdt), common acute lymphoblastic leukemia 
antigen (CALLA), and CD19, but negative for surface or 
cytoplasmic immunoglobulin. In previous work, we cloned 
the t(5;14) breakpoint from one leukemic sample (Case 1) 
and determined that the IgH and interleukin-3 (IL-3) genes 
were joined by this abnormality. 5 In this report, we extend 
those findings by showing that the t(5;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a similar 
structure, and we report our study of growth factor expres- 
sion in these patients. 

MATERIALS AND METHODS 
Samples and Southern blots. Case 1 has been described. 5 * 
Clinical features of Case 2 r have been described in detaiL 1 DNA 
isolation and Southern blotting was done using previously described 
methods. 3 Filters were hybridized with an immunoglobulin Jh probe, 
a 280 bp BamHl/EcdRl genomic EL-3 fragment, and an IL-3 
cDNA probe. 7 J 

Northern blots. RNA isolation and Northern blotting have been 
described.* Briefly, Northern blots were done by separating 9/tg 
total RNA on 1% agarose-formaldehyde gels. Equal RNA loading in 
each lane was confirmed by ethidium bromide staining. Blots were 
hybridized with an IL-3 cDNA probe extending to the Xho I site in 
exon 5, a 720 bp Sst l/Kpn I probe derived from intron 2 of the IL-3 
gene, a 600 bp Nhe l/Hpa I IL-5 cDNA probe, and a 500 bp Pst 
l/Nco I granulocyte-macrophage colony stimulating factor (GM- 
CSF) cDNA probe. I(M2 

Polymerase chain reaction. Primers were designed with BamUl 
sites for cloning. One primer hybridized to the Jh sequences from the 
IgH gene (Primer 1 44:5'-TAGGATCCGACGGTGACCAGGGT), 
and the other hybridized to the region of the TATA box in the IL-3 
gene (Primer 161: 5 r - AACAGGATCCCGCCTTATATGTGCAG). 
Polymerase chain reaction (PCR) (95°C for 1 minute, 61°C for 30 
seconds, and 72°C for 3 minutes) was done using 500 ng genomic 
DNA and 50 pmol of each primer in 100 uL containing 67 mmol/L 
Tris-HCl pH 8.8, 6.7 mmol/L MgCl* 10% dimethyl sulfoxide 
(DMSO). 170 Mg/mL bovine serum albumin (BSA) (fraction V), 



activity. There was no evidence of excess granulocyte/ 
macrophage colony stimulating factor (GM-CSF) or IL-B 
expression. Our data support the formulation that this 
subtype of leukemia may arise in part because of a 
chromosome translocation that activates tha IL-3 gene, 
resulting in autocrine and paracrine growth effects. 
© 1990 by The American Society of Hematology. 

16.6 mmol/L ammonium sulfate, 1.5 mmol/L each dNTP and Taq 
polymerase (Perkm-Elmer, Norwalk, CT)J 3 

S equencing. Sequencing was done by chain termination in Ml 3 
vectors. 14 As part of this study, we sequenced a subclone of a normal 
H> 3 promo tor, covering 598 base pairs from a Sma I site at position 
-1240 (with respect td the proposed site~"of transcription initiation) 
to an Nhe I site at position - 642. The plasmid containing this region 
was a gift from Naoko Arai of the DNAX Research Institute. 

Expression in Cos7 cells. A genomic IL-3 fragment from Case 1 
was cloned into the pXM expression vector. 10 Briefly, the HindUl/ 
Sal I fragment containing the IL-3 gene was subdoned from the 
previously described phage clone 4 into pUC18. 5 The 2.6 kb 
fragment extending from the Sma I site 61 bp upstream of the IL-3 
transcription start to the Sma I site in the polylinker was cloned into 
the blunted Xho I site of pXM. The negative control construct was 
the pXM vector without insert Plasmids were introduced into Cos7 
cells by electroporation, and supernatant was collected after 48 
hours in culture. 

TP I bioassay. TF- 1 cells were passaged in RPMI 1 640 supple- 
mented with 10% heat-inactivated fetal bovine serum, 2 mmol 
L-glutamine, and 1 ng/mL human GM-CSF. 15 Samples and antibod- 
ies were diluted in this same medium lacking GM-CSF but contain- 
ing peniciUin and streptomycin. A 25 /aL volume of serial dilutions of 
patient serum was added to wells in a flat bottom 96-well microtiter 
plate. Rat anti-cytokine monoclonal antibody in a volume of 25 ^L 
was added to appropriate wells and preincubated for 1 bour at il°C. 
Fifty microliters of twice washed TF- 1 cells were added to each well, 
giving a final cell concentration of 1 x. 10 4 cells per well. (final 
volume, 100 /iL). the plate was incubated for 48 hours. The 
remaining cell viability was determined metaboiicalry by the colori- 



From the Division of Hematology j Oncology 111H, Department 
of Medicine, University of California and the Veterans Administra- 
tion Medical Center, San Francisco, CA; the Center for Molecular 
and Cellular Diagnostics, Department of Pathology and Cell 
Biology, University of New Mexico, Albuquerque, NM; the Division 
of Hematology/Oncology, Department of Medicine, West Virginia 
University, Morgantown. WV; and DNAX Research Institute, Palo 
Alto,CA. 

Submitted March 27, 1990; accepted April 19, 1990. 

Supported in part by the University of California Cancer Re- 
search Coordinating Committee and University of New Mexico 
Cancer Center funding from the state of New Mexico. The DNAX 
Research Institute is supported by Schering-Plough. 

Address reprint requests to Timothy C. Meeker, MD, Division of 
Hematology/Oncology 111H, Department of Medicine, University 
of California and the Veterans Administration Medical Center, 
4150 Clement St, San Francisco, CA 94121. 

© 1990 by The American Society of Hematology. 

0006-4971/90/7602-0022$3.00/0 



Blood, Vol 76, No 2 (July 16), 1990: pp 285-289 



285 



O O 



286 



MEEKER ETAL- 

Fig 1. Breakpoint sequences for Case 2. The germane IgJhS region sequence (orotein , 
sequences .re underiined) to cn top, the translocation sequence from Ca»o 2 (PCB recombination ign* 

Is^hr the middle, end t he goi^tms E-a^equenco, which wo deTtwrfWm iTSonhlrra^S^ 



sequence has the same nucleotide. The sequence documents the ^^t^dltAn^^n^^ + th« «ch 

gene occurred at position -934 (•). J ^ W ™* M and W* 9*"** The breakpoint in th*IU3 

metric method of Mosmann using a VMax microliter plate reader 
(Molecular Devices, Mcnlo Park, CA) set at 570 and 650 nm." 

Cytokine immunoassays. These assays used rat monoclonal 
anti-cytoldne antibodies (10 jig/mL) to coat the wells of a PVC 
micw)titcr.plate. The capture, antibodies used were BVD3-6G8, 
JES1-39D10, and BVD2-23B6, fdr the IL-3, IL-5, and GM-CSF 
assays, respectively. Patient sera were then added (undiluted and 
diluted 13 for DL-3, undiluted for IL-5, and undiluted and diluted 
1:5 for GM-CSF). The detecting immunoreagents used were either 
mouse antiserum to 11^3 or nitroiodophenyl (NIP>derivatized rat 
monoclonal antibodies JES1-5A2 and BVD2-21C11, specific for 
IL-5 and GM-CSF, respectively. Bound antibody was subsequently 
toected with immunoperoxidase conjugates: horseradish peroxidase 
(HRPMabeled goat anti-mouse Ig for IL-3, or HRP-labeled rat (J4 
MoAb) anti-NIP for IL-5 and GM-CSF. The chromogenic sub- 
strate was 3-3'azmo-bis-benzthiazoline sulfonate (ABTS; Sigma, St 
Louis, MO). Unknown values were interpolated from standard 
curves prepared from dilutions of the recombinant factors using 
Softmax software available with the VMAX microplatc reader 
(Molecular Devices). 



RESULTS 

Leukemic DNA from Case 2 was studied by Southern 
blotting. When digested with the HindDI restriction enzyme 
and hybridized with a human immunoglobulin heavy chain 
joining region ( Jh) probe, a rearranged fragment at approxi- 
• mately 14 kb was defected (data^ot shown). When riprobed 
with either of two different IL-3 probes, a rearranged 14 kb 



SPSS ™™s™«»g with the rearranged Jh fragment, was 
identified. Whea leukemic DNA was digested wi?S 

The IL-3 probes also identified a comigrating fragment «f 
this size. TJese experiments Indicated^ 
sampk studied was clonal and that a singk fra^Zt 

?j ai h n n r rST Ion f 0 ? wasusedto do - t»JKS5 

tSEZS m1L ? P rfmer were designed to produ^ 
amplrfed product in the event of a head-to-head tra^SS 

°f ^ clone from Case 2 

confirmed the joining of the Jh region with the promoCof 
the IL-3 gene ,n a head-to-head configuration (Rg 1) 
Sequence analysis indicated that the breast on dSni 
some 14 was just upstream of the Jh5 coding region ^ 
hreakpomt on chromosome 5 occurred 934 bp u^moJ 
*e putabve site of transcription initiation of L fvTLt 

mserted between ^chromosome sZd chromosome ,4 
sequences during the translocation event" '* Rgure 2 shows 
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F>9*. Relationship of chromosome 6 breakpoints to the B.-3 gene. This figure shows the two «=in™w«i.._ i> , 
the norma. IL-3 gene.-" One breakpoint occurred at position -482 and the « ^^(a^^f^* * *° 

l ! * rt ™ r08U «««« «" • head-to-head Joining of the IgH gene and the IL-3 gene, leaving the mRNA^d^i? rnstancee. the 

gene .meet. Boxes denote the five IL-3 exone; restriction enzyme, are (B) 8« (p, p^W ^uITe^^J^)^^* " th » fl - 3 
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eoSined ^TZ^Z!^ ~. u •v.r-oxprosrion. A Northern Mot wu prepared end hybridized with a probe for 0.-3. Lane 1 
T^^t^ un " lmu ' a «° d P*rlpher»l Wood lymphocyte, (PBU o. . negative control. Una 2 contained RNA from reLrtmuiat^r 
i^I^^TE^ ^l"* »— 3 cont »'" 8d RNA from PBl throated with ConA for 48 h^rTl In thTpo^^c^ 

from Intron 2 of the ttJ^a0^2,a^A^^f^^L '^J™*^* hybridb* to. probe 

r^^rirr^ 

the locations of the two cloned breakpoints in relation to the 
IL-3 gene. The two chromosome 5 breakpoints were sepa- 
rated by less than 500 bp. 

The genomic structure in Cases 1 and 2 suggested that a 
normal IL-3 gene product was over-expressed as a result of 
the altered promoter structure. This would predict that the 
IL-3 gene on the translocated chromosome was capable of 
making IL-3 protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 containing all five IL-3 exons under the control of the SV40 
promotor/enhancer in the Cos7 cell line. Cell supernatants 
were studied in a proliferation assay using the factor depen- 
dent erythroleukemic cell line, TF-1. The supernatants 
derived from transfections using the vector plus insert 
supported TF-1 proliferation, while supernatants from trans- 
fections using the vector alone were negative in this assay 
(data not shown). Furthermore, the biologic activity could be 
blocked by an antibody to human IL-3 (BVD3-6G8). This 
result showed that the translocated allele retained the ability 
to make IL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately 1 kb) and a 2.9 kb 
unspliced IL-3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2.9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM-CSF and IL-5 map close 
to the IL-3 gene and might have been deregulated by the 
translocation, no IL-5 or GM-CSF mRNA could be detected 
in the leukemic sample (data not shown). 19,20 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of IL-3, GM-CSF, and IL-5 (Table 
1). Serum IL-3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



highest, the IL-3 level was highest No serum GM-CSF or 
IL-5 could be detected. 

Since the IL-3 immunoassay measured only immunoreac- 
tive factor, we confimed that biologically active IL-3 was 
present by using the TF-1 bioassay. This bioassay can be 
rendered monospecific using appropriate neutralizing mono- 
clonal antibodies specific for IL-3, IL-5, or GM-CSF. We 
observed that sera from 1-16-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with anti-IL-3 
MoAb (BVD3-6G8), but not with MoAbs to IL-5 (JES1- 
39D10) or GM-CSF (BVD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of neutralizable bioactivity in these 
two samples correlated very well with the difference in IL-3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TF-1 proliferating activity with 
either ant^-IL-5 or anti^M-CSF^yas consistent with the 
inability to measure these'factors by immunoassay and 



Table 1. Peripheral Blood Counts and Growth Factor Levels 
at Different Times in Case 2 



Sample Data 



Peripheral blood counts <cel!s/jiL) 
WBC 

Lymphoblasts 
Eosinophils 
Serum growth factor levels (pg/mL) 
IL-3 

GM-CSF 
IL-5 



11/15/83 


1/16/84 


3/14/84 


81,800 


116,500 


12,300 


0 


33,785 


0 


46,626 


73,080 


615 


<444 


7,995 


1,051 


<15 


<1B 


<16 


<B0 


<50 


<50 



Peripheral blood counts from Case 2 at three olfferent time points with 
the corresponding growth factor levels quantified by immunoassay. The 
patient received chemotherapy between 1/16/84 and 3/14/84 to lower 
his leukemic burden. 3 No serum samples were available for a similar 
analysis of Case 1. 

Abbreviation: WBC, white blood cells. 
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Reciprocal Dilution 



Pro^^, Tha 

vertical axte. Semm from all thro, time point, wa. S^^** *!^ mo,mt 01 P roCf< *« fc >« «• Indicated on th. 

concontration of motion* nrt antWL^ BV^^ 0 7^n^S1^^7'?, r ,!^ 8red mo «~ s P^ by I*** . 1 M/nTfbS 
Inhibition of proliferation wo, ovtdont I**ks£^^^^ D «»*■*•• ~» MoAh. On 1/16/84and: 3/14/m! 

of B.-3 on those day*. Saruml B.-S 



was not detscted In this assay, a* airtWL-8 did not alter TF-1 proliferation, levels 



indicated that these other myeloid growth factors were not 
detectably circulating in the serum of this patient 

DISCUSSION 

In this report, we have extended our analysis of acute 
lymphocytic leukemia and eosinophilia associated with the 
t(5;l 4) translocation. In both cases we have studied we have 
documented the joining of the IL-3 gene from chromosome 5 
to the IgH gene from chromosome 14. The breakpoints on 
chromosome 5 are within 500 bp of each other, suggesting 
that additional breakpoints will be clustered in a small region 
of the IL-3 promotor. The PCR assay we have developed will 
be useful in the screening of additional clinical samples for 
this abnormality. 

The finding of a disrupted IL-3 promotor associated with 
an otherwise normal IL-3 gene implied that this transloca- 
tion might lead to the over-expression of a normal IL-3 gene 
product In this work, we have documented that this is true 
In addition, neither GM-CSF nor I L-5 are* over-expressed by 
the leukemic cells. Furthermore, in one patient serum IL-3 
could be measured and correlated with disease activity. To 
our knowledge, this fa the first measurement of human IL-3 
in serum and its association with a disease process. The 
measurement of serum IL-3 in this and other clinical settings 
may now be indicated. 



The finding of the IL-3 gene adjacent to a cancer- 
associated translocation breakpoint suggests that its activa- 
tion is important for oncogenesis. It is our thesis that an 
autocrine loop for IL-3 is important for the evolution of this 
leukemia. The excessive IL-3 production that we have 
documented would be one feature of such an autocrine loop, 
ine final proof of our thesis must await additional data In 
particular, from the study of additional clinical samples, it 
will be necessary to document that the IL-3 receptor Is 
present on the leukemic cells and that anti-IL-3 antibody 
decreases proliferation of the leukemia in vitro. 

An important aspect of this work fa the suggestion of a 
therapeutic approach for this disease. If an autocrine loop for 
IL-3 can be documented in this disease, attempts to lower 
circulating IL-3 levels or block the interaction of IL-3 with 
its receptor may prove useful. Because it is also possible that 
the eosinophilia in these patients fa mediated by the para- 
crine effects of leukemia-derj^d %3, similar interventions 
may-improve this aspect ofthTdfaeasi. AntibodTes „ " 
avaST* to accomplish these goals may soon be 
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Clinical and Pathologic Significance of the 
c-erbB-2 (HER-2/neu) Oncogene 

Timothy R Singleton and John G. Strickler 



*. The c-erfcB-2 oncogene was first shown to have clinical significance in 1987 by 

Slamon et al, TO who reported that oer&B-2 DNA amplification in breast carcino- 
:« mas correlated with decreased survival in patients with metastasis to axillary 

< m lymph nodes. Subsequent studies, however, of c-eriB-2 activation in breast 

5 carcinoma reached conflicting conclusions about its clinical significance. This 

i oncogene also has been reported to have clinical and pathologic implications in 

v other neoplasms. Our review summarizes these various studies and examines 

\ the clinical relevance of c-eriB-2 activation, which has not been emphasized in 

* recent reviews.^ 65 The molecular biology of the c-erfcB-2 oncogene has been 

extensively reviewed 37 ' 3 * 55 and will be discussed only briefly here. 



BACKGROUND 

The c-erbB-2 oncogene was discovered in the 1980s by three lines of investiga- 
tion. The neu oncogene was detected as a mutated transforming gene in 
neuroblastomas induced by ethylnitrosurea treatment of fetal rats. 8 The o 
erbB-2 was a human gene discovered by its homology to the retroviral gene v- 
erbB, 33 ' 49 ' 76 HER-2 was isolated by screening a human genomic DNA library for 
homology with v-er&B. 24 When the DNA sequences were determined subse- 
quently, c-erfcB-2, and neu were found to represent the same gene. 
Recendy, the c-er&B-2 oncogene also has been referred to as NGL. 

The c-£?riB~2 DNA is located on human chromosome 17q21 M * 33 - 6e and codes 
for oerfcB-2 mRNA (4.6 kb). which translates c-erbB-2 protein (pl85). This 
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protein is a normal component of cytoplasmic membranes. The c«erfeB-2 
oncogene is homologous with, but not identical to, c-erf>B-l, which is located 
on chromosome 7 and codes for the epidermal growth factor receptor, ^Thc c- 
eriB-2 protein is a receptor on cell membranes and has intracellular tyrosine 
kinase activity and an extracellular binding domain. ^ 108 Electron microscopy 
-With a polyclonal antibody detec ts o-erfeB-2 immunoreactivit y on cytoplasmic 
membranes of neoplasms, especially oh microvilli and the non-vfllous outer cell 
membrane. 61 In normal cells, immunohistochemical reactivity for c-erbB-2 is 
frequently present at the basolateral membrane or the cytoplasmic membrane's 
brush border. 

There is experimental evidence that 6*rfcB-2 protein may be involved in 
the pathogenesis of breast neoplasia. Overproduction of otherwise normal c- 
erbB-2 protein pan transform a cell line into a malignant phenotype.** Also, 
when the neu oncogene contaiM^aS activating point mutation is placed in 
transgenic mice with a strong promoter for increased expression, the mice 
develop multiple independent mammary adenocarcinomas. 18 * 63 In other expert* 
ments, monoclonal antibodies against the neu protein inhibit the growth (in 
nude mice) of a neu-transformed cell line, 88 - 88 and immunization of mice with 
new protein protects them from subsequent tumor challenge with the neu- 
transformed cell line. 14 Some authors have speculated that the use of antago- 
nists for the unknown ligand could be useful in future chemotherapy. 85 Rirther 
review of this experimental evidence is beyond the scope of this article. 

The c-erfcB-2 activation most likely occurs at an early stage of neoplastic 
development. This hypothesis is supported by the presence of oerfcB-2 activa- 
tion in both in situ and invasive breast carcinomas. In addition, studies of 
metastatic breast carcinomas usually demonstrate uniform c-erfeB-2 activation 
at multiple sites in the same patient, litiMMUi although cserfcB-2 activation has 
rarely been detected in metastatic lesions but not in the primary tumor. 57 ' 69107 
Even more rarely, c-erfeB-2 DNA amplification has been detected in a primary 
breast carcinoma but not in its lymph node metastasis. 5 In patients who have 
bilateral breast neoplasms, both lesions have similar patterns of c-erbB-2 activa- 
tion, but only a few such cases have been studied. 11 . 

MECHANISMS OF o-erfcB-2 ACTIVATION 

The most common mechanism of c~eri>B-2 activation is genomic DNA amplifica- 
tion, which almost always results in overproduction of c-erfcB-2 mRNA and 
protein. lT a4 - 65 M The c-erfeB-2 amplification may stabilize the overproduction of 
mRNA or protein through unknown mechanisms. Human breast carcinomas 
with c-er&B-2 amplification contain 2 to 40 times more c-erf?B-2 DNA 4 * 3 and 4 to 
128 times more c-*riB-2 mRNA 5 * 80 than found in normal tissue. Most human 
breast carcinomas with c-erfcB-2 amplification have 2 to 15 times more c-eriB-2 
DNA. T\imors with greater amplification tend to have greater overproduc- 
tion. 17a » 65 The non-mammary neoplasms that have been studied tend to have 
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similar levels of c-erfcB-2 amplification or overproduction relative to the corre- 
sponding normal tissue. 

The second most common mechanism of c-er£B-2 activation is overproduc- 
tion of c-erbB-2 mRNA and protein without amplification of c-erfcB-2 DNA. 81 
The quantities of mRNA and protein usually are less than those in amplified 

cases^ and-may^approach the-smai quantities^presen^in normaLbreasto^other 

tissues. 17 The c-erbB-2 protein overproduction without mRNA overproduc- 
tion or DNA amplification has been described in a few human breast carcinoma 
cell lines.* 7 

Other rare mechanisms of oerbB-2, activation have been reported. Translo- 
cations involving the c-erfcB-2 gene have been described in a few mammary and 
gastric carcinomas, although some reported cases may represent restriction 
fragment length polymorphisms or incomplete restriction enzyme digestions 
that mimic transIocations-^^H^iw a sf^le point mutation in the transmem- 
brane portion of neu has been described in rat neuroblastomas induced by 
ethylnitrosurea. 9 * 58 The mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane. *w» Although there has been specula- 
tion that some of the amplified c-erfcB-2 genes may contain point mutations, 48 
none has been detected in primary human neoplasms. 41 ' 5 * 81 

TECHNIQUES FOR DETECTING c-erf>B-2 ACTIVATION 
Detection of c-erbB-2 DNA Amplification 

Amplification of c-erfeB-2 DNA is usually detected by DNA dot blot or South- 
ern blot hybridization. In the dot blot method, the extracted DNA is placed 
direcdy on a nylon membrane and hybridized with a oerbh-2 DNA probe. In 
the Southern blot method, the extracted DNA is treated with a restriction 
enzyme, and the fragments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a oerhB-2 DNA probe. In both tech- 
niques, oerbK-2 amplification is quantified by comparing the intensity (mea- 
sured by densitometry) of the hybridization bands from the sample with those 
from control tissue. 

Several technical problems may complicate the measurement of c-eriB-2 
DNA amplification. First, the extracted tumor DNA may be excessively de- 
graded or diluted by DNA from stromal cells." Second, the c-eriB-2 DNA 
probe must be carefully chosen and labeled. For example, oligonucleotide o- 
erbB-2 probes may not be sensitive enough for measuring a low level of c-eriB- 
2 amplification, because diploid copy numbers can be difficult to detect (unpub- 
lished data). Third, the total amounts of DNA in the sample and control tissue 
must be compensated for, often with a probe to an unamplified gene. Many 
studies have used control probes to genes on chromosome 17, the location of c- 
erfoB-2, to correct for possible alterations in chromosome number. Identical 
results, however, are obtained by using control probes to genes on other chro- 
mosomes, 5 ®- 80 with rare exception. ,T Studies using control probes to the beta- 
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globin gene must be interpreted with caution, because one allele of this gene is 
deleted occasionally in breast carcinomas. 3 

Amplification of oerbB-2 DNA was assessed by using the polymerase 
chain reaction (PCR) in one recent study. 38 Oligoprimers for die c-erfcB-2 gene 
and a control gene are added to the sample s DNA, and PCR is performed. If 
the sample cpntaferaweopfoiEf e^fr^DNArtitaaref ii he control gtoer tta" 
c-eriB-2 DNA is replicated preferentially. 

Detection of c-erbB-2 mRNA Overproduction 

Overproduction of c-erM8-2 mRNA usually is measured by RNA dot blot or 
Northern blot hybridization. $oth techniques require extraction of RNA but 
otherwise are analogous to DNA dot blot and Southern blot hybridization. Use 
of PCR for detection of c^rfcB-2 mRNA haspbeen described in two rectent 
abstracts. 

Overproduction of c-er&B-2 mRNA can be measured by in situ hybridiza- 
tion. Sections are mounted on glass slides, treated with protease, hybridized 
with a radiolabeled probe, washed, treated with nuclease to remove unbound 
probe, and developed for autoradiography. Silver grains are seen only over 
tumor cells that overproduce c-*r&B-2 mRNA. Negative control probes are 
used. Our experience indicates that these techniques are relatively insensi- 
tive for detecting c-er&B^2 mRNA overproduction in routinely processed tis-r 
sue. Although the sensitivity may be increased by modifications that allow 
simultaneous detection of o-er&B-2 DNA and mRNA, in situ hybridization still 
is cumbersome and expensive (unpublished data). 

All of the above c-erfcB-2 mRNA detection techniques have several prob- 
lems that make them more difficult to perform than techniques for detecting 
DNA amplification. One major problem is the rapid degradation of RNA in 
tissue that is not immediately frozen or fixed. In addition, during the detection 
procedure, RNA can be degraded by RNase, a ubiquitous enzyme, which must 
be eliminated meticulously from laboratory solutions. Third, control probes to 
genes that are uniformly expressed in the tissue of interest need to be carefully 
selected. * ? * 

Detection of c-ert>B-2 Protein Overproduction 

The most accurate methods for detecting oerfcB-2 protein overproduction are 
the Western blot method and immunoprecipitation. Both techniques can docu- 
ment the binding specificity of various antibodies against oerbB-2 protein. In 
Western blot studies, protein is extracted from the tissue, separated by electro- 
phoresis (according to size), transferred to a membrane, and detected by using an- 
tibodies to c-er&B-2. In immunoprecipitation studies, antibodies against c-eriB- 
2 are added to a tumor lysate, and the resulting protein-antibody precipitate is 
separated by gel electrophoresis and stained for protein. Both Western blot and 
immunoprecipitation are useful research tools but currently are not practical for 
diagnostic pathology. Itoo recent abstracts have described an enzyme-linked 
immunosorbent assay (ELISA) for detection of c-eriB-2 protein. 19 - 45 
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Overproduction of protein is most commonly assessed by various 

immunohistochemical techniques. These procedures often generate conflicting 
results, which are explained at least partially by three factors. First, various 
studies have used different polyclonal arid monoclonal antibodies. Because 
some polyclonal antibodies recognize weak bands in addition to the oerbB-2 
protein-band-oir-West 

studies should be interpreted with caution. 2 * 3 * 47 - 51 Even some monoclonal anti- 
bodies imraunoprecipitate protein bands in addition to c-erbB-2 (plSS). 3 * 5 ** 
Second, tissue fixation contributes to variability between studies. Fbr example, 
some antibodies detect c-eriB-2 protein only in frozen tissue and do not react 
in fixed tissue. In general, formalin fixation diminishes the sensitivity of 
immunohistochemical methods and decreases the number of reactive cells. 81 ' 88 
When Bouin s fiutfive is used, :there may«be a Jnj^e^perceptage of positive 
cases.** Third, minimal criteria for interpreting immunohistochemical staining 
are generally lacking. Although there is general agreement that distinct crisp 
cytoplasmic membrane staining is diagnostic for oerb&-2 activation in breast 
carcinoma, the number of positive cells and the staining intensity required to 
diagnose oerbB-2 protein overproduction varies from study to study and from 
antibody to antibody. Degradation of c-erfcB-2 protein is not a problem because 
it can be detected in intact form more than 24 hours after tumor resection 
without fixation or freezing. 64 

ACTIVATION OF oer5B-2 IN BREAST LESIONS 
Incidence of c-erbB-2 Activation 

Most studies of c-erbB-2 oncogene activation do not specify histological sub- 
types of infiltrating breast carcinoma. Amplification of c-^rfcB-2 DNA was found 
in 19. 1 percent (519 of 2715) of invasive carcinomas in 25 studies (Table 1), and 
c-erbB-2 mRNA or protein overproduction was detected in 20.9 percent (566 of 
2714) of invasive carcinomas in 20 studies. Twelve studies have documented e- 
fcr6Br2 mRNA or protein overproduction ih 15 percent (88 of 604) of carcinomas 
that lacked c-erbB-2 DNA amplification. 

The incidence of c-*rb&»2 activation in infiltrating breast carcinoma varies 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat- 
ing ductal carcinomas have c-erbB-2 activation, as expected from the above 
data. Other variants of breast carcinoma with frequent oerbB-2 activation are 
inflammatory carcinoma (62 percent, 54 of 87), Paget s disease (82 percent, 9 of 
11), and medullary carcinoma (22 percent, 5 of 23). In contrast, c-er&B-2 activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and 
tubular carcinoma (7 percent, 1 of 15). 

The c-erbB-2 protein overproduction is present in 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocarcinoma in situ (68 percent, 
49 of 72). The micropapillary type of ductal carcinoma in situ also tends to have 
c-erbB-2 activation, 40 54 68 especially if larger cells are present. The greater fre- 
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quency of c-erfcB-2 protein overproduction In comedocarcinoma in situ, com- 
pared with inffltrating ductal carcinoma, could be explained by the fact that 
many Infiltrating ductal carcinomas arise from other types of intraductal carci- 
noma, which show oerbB-2 activation infrequently. Others have speculated 
that carcinoma in si tu with o-erfrB -2 activation tends to regress or to lose c- 
erfeB-2 actfvaffbn during progression to invasion. ^^TSfilfi^^^ Tn"sRu ' 
components of ductal carcinoma, however, usually are similar with respect to o- 
erbB-2 activation, 1139 although some authors have noted more heterogeneity of 
the immunohistochemical staining pattern in invasive than in in situ card- 
noma***** Activation of c-er&B-2 is infrequent in lobular carcinoma in situ. If 
lesions contain more than one histological pattern of carcinoma in situ, the cs 
erfcB-2 protein overproduction tends to occur in the comedocarcinoma in situ 
but may include other areas of carcinoma hv situ.<w«* Overprodacfeion afts 
erfcB-2 protein in ductal carcinoma in situ correlates with larger cell size and a 
periductal lymphoid infiltrate.® 

Activation of c-er&B-2 has not been identified in benign breast lesions, 
including fibrocystic disease, fibroadenomas, and radial scan (Table 2). Strong 
membrane immunohistochemical reactivity for o-eriB-2 has not been described 
in atypical ductal hyperplasia, although weak accentuation of membrane staining 
has been noted infrequently. 3*** In normal breast tissue, c-er&B-2 DNA is 
diploid, and c-erhB-2 is expressed at lower levels than in activated tumors. 3 *- 35 * 65 ' 88 
These preliminary data suggest that c-er*B-2 activation may not be useful 
for resolving many of the common problems in diagnostic surgical pathology. For 
example, c-erbB-2 activation is infrequent in tubular carcinoma and radial scars. 
In addition, because c-erfoB-2 activation is unusual in atypical ductal hyperplasia, 
cribriform carcinoma in situ, and papillary carcinoma in situ, detection of c-erfeB- 
2 activation in these lesions may not be helpful in their differential diagnosis. The 
histological features of comedocarcinoma in situ, which commonly overproduces 
oerfeB-2, are unlikely to be mistaken for those of benign lesions. Activation of 



TABLE 2. c~orbB~2 ACTIVATION IN BENIGN HUMAN BREAST 



Histological Diagnosis 


oerbB-2 DNA 


*er*B-2mRNA 


o-erfiB-4 Protein 


Amplification* 


Overproduction 


Overproduction 


Fibrocystic disease 


0/10*3 




0/32,»Q/9WQ/8» 


Atypical ductal hyperplasia 








Benign ductal hyperplasia 






Mcytoplasmtoyia 39 






<V12» 


Sclerosing adenosis 






0/4» 


Fibroadenomas 


0/1 6 » 0/6" 


0/6 » 0/3* 


0/21 »0/10* 




0/2," 0/1* 




0/8,»0fc« 


Radial scars 






0/22» 


Blunt duct adenosis 






0/1 4» 


"Breast mastoals" 




0/3 35 





■Snown as number of cases with acttvatlonmumbsr of cases studied; reference is given as a superscript 
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c-erfeB-2, however, does favor infiltrating ductal carcinoma over infiltrating 
lobular carcinoma. Further studies of these issues would be useful. 

Correlation of c-ert>&* Activation With Pathologic Prognostic Factors 

Multiple stu dies have attempted to c orrelat e c-eriB-2 activation with various 

pathologic prognostic fictow (Table 3). Activation of c-erfelWi was correlated 

with lymph node metastasis in 8 of 28 series, with higher histological grade in 6 
of 17 series, and with higher stage in 4 of 14 series. Large tumor size was not 
associated with c-erbB-2 activation in most studies (11 of 14). Tetraploid DNA 
content and low proliferation, measured by Ki-67, have been suggested as 
prognostic factors and may correlate with WiB-2 activation.* 7 

Correlation ol c-erbB-2 Activation With CIlnlcaKPrognostlc Eacfers 

Various studies have attempted also to correlate c-erfcB-2 activation with clinical 
features that may predict a poor outcome CTable 4). Activation of c-er&B-2 
correlated with absence of estrogen receptors in 10 of 28 series and with ab- 
sence of progesterone receptors in 6 of 18 series. In most studies, patient age 
did not correlate with c-erfcB-2 activation, and, in the rest of the reports, c- 
eriB-2 activation was associated with either younger or older ages. 

Correlation of c-erbB-2 Activation With Patient Outcome 

Slamon et al^« first showed that amplification of the <x?riB-2 oncogene inde- 
pendently predicts decreased survival of patients with breast carcinoma. The 
correlation of c-erbB-2 amplification with poor outcome was nearly as strong as 
the correlation of number of involved lymph nodes with poor outcome. Slamon 
et al also reported that <seriB-2 amplification is an important prognostic indica- 
tor only in patients with lymph node metastasis.™ 81 

A large number of subsequent studies also attempted to correlate c-eriB-2 
activation with prognosis fable 5). In 12 series, there was a correlation be- 
tween oerbB-2 activation and tumor recurrence or decreased survivaL In five 
of these series, the predictive value of c-$riB-2 activation was reported to be 
independent of other prognostic factorvln contrast, 18 series did not confirm 
the correlation of c-erbB-2 activation with recurrence or survival. Four possible 
explanations for this controversy are discussed below. 

One problem is that c-erbB-2 amplification correlates with prognosis 
mainly in patients with lymph node metastasis. As summarized in Table 5, most 
studies of patients with axillary lymph node metastasis showed a correlation of 
e-*rfoB-2 activation with poor outcome. In contrast, most studies of patients 
without axillary metastasis have not demonstrated a correlation with patient 
outcome. Table 6 summarizes the studies in which all patients (with and with- 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between c-erfcB-2 activation and poor outcome. Thus, most of the current 
evidence suggests that c-erfcB-2 activation has prognostic value only in patients 
with metastasis to lymph nodes. 
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TABLE 8. CORRELATION OP C-eroB-2 ACTIVATION WITH OUTCOME IN PATIENTS 
WITH BREAST CARCINOMA 



Number of Patterns 



Typo of 



With 
Matasiastlsto 
AxHtarf 



NO 



Statistical 



<0.05 


DNA 176 




M 


87 


<0.06 


DNA 61 




U 


50 


<0.05 


DNA 57 




u 


65 


<0.05 


DNA 41 




u 


93 


<aos 


mRNA & 




u 


65 


<0.05 


Protein *-^i02 




M ** 


10V 


<0.05 


DNA 


345 


M 


81 


<0.05 


DNA 


120 


U 


17 


<0.05 


DNA 


91 


U 


87 


<0.O5 


DNA 


86 


M 


79 


<0.05 


Prateln-WB 


350 


M 


85 


<0.05 


PmtAln 


Af* A A 

62 44 


U 


101 


0.05-0.15 


DNA 67 




U 


111 
92 


0.05-0.15 


Protein 189 




M 


0.06-0.15 


Protein 


120 


U 


86 


>0.15 


DNA 130 




U 


113 


>0.15 


DNA 122 




M 


4 


>0.15 


DNA 50 




U 


44 
50 


>0.15 


mRNA 57 




u 


>0.15 


Protein 290 




M 


08 


>0.15 


Protein 195 




U 


11 
39 


>0.15 


Protein 102 




u 


>0.15 


Protein 


137 


u 


17 


>0,15 


DNA 


181 


M 


81 


>0.15 


DNA ^ 


- - 159 « 


u 


ft > 


>0.15 


DNA 


73 


u 




>0.15 


Protein-WB 


378 


u 


86 


>0.15 


Proteln-WB 


192 


u 


17 


>0,15 


Protein 


141 


u 


86 


>0.15 


Protein 


41 


u 


40 



. w ^u«,a o, u*»e wugkm were tumor recurrerw or decreased survival or both. Correlation between o- 
erbB-2 activation and a poorer patient outcome Is statistically significant at <0.05, Is of equivocal significance 
al 0.05 to 0.1 5, and ia not significant at >0,1 5. 

♦Shown as variable measured, tetters "WB" indicate assay by Western blot; the other protein studies used 
ImmunoWstochemlcal method*. 

m = multivariate statistical analysis; U « univariate statistical analysis. 
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70- 



lymph node 
metastasis In 
each study 



60- 



50- 



40- 



71 (DNA) K 



01 (DNA)» 

59 (DNA) 07 
58(Proteln)« 



64<DNA)i« 



42(Proteln)* 



4- 



P<0.05 



4~ 



0,05<P<0.1$ 



64(mfiNA)» 
01{DNAy» 



58(ONA)« 

57(DNA)»» 

S6(Proteln)» 

48(Prolein)" 
46(Protefn)» 



p>o:i5 



Pj^correlation of ©*rt>B* activation with patient outcome, 
are the types ol activation. PvalueaafeZ^i alTr^ei mparsmhesa. 



A second problem is that various types of breast carcinoma are grouped 
together in many survival studies. Because the current literature suggests that 
**ft«*™* ln lo °«l*r carcinoma, studies thafcombine 
initiating ductal and lobular carcinomas may dilute the prognostic effect ofc- 
er6B-2 activation in d^fital twnors, In addition, most studies do not analyze 
toflammatory breast carcinoma separately. This condition frequently shows c- 
eroB-2 activation and has a worse prognosis than the usual mammary carci- 
noma, but it is an uncommon lesion. 

A third potential problem is the paucity of studies that attempt to correlate 
c-erfcB-2 activation with clinical outcome in subsets of breast carcinoma without 
metastasis. TWo recent abstracts reported that in patients without lymph node 
metastasis who had various risk factors for recurrence (such as large tumor size 
and absence of estrogen receptors), c-orhB-2 overexpression predicted early 
recurrence .nm In patients with ductal carcinoma in situ, one small study found 
no association between tumor recurrence and c-<?rfcB-2 activation. 40 

A fourth problem is the lack of data regarding whether the prognosis 
correlates better with c-«r&B-2 DNA amplification or with mRNA or protein 
overproduction. Most studies that find a correlation between c-«r*B-2 acttva- 
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hon and poor patient outcome measure c-sriB-2 DNA amplification CTable 5) 
and breast carcinoma patients with greater amplification of c-erbB-2 may have 

rZTl ReCC , nl 5lUdlCS 51,88681 ** ^cation has more prognos- 
tic power than overproduction,™.* but the clinical significance of c-er?B.2 
overproduction without DNA amplification deserves further reseat Few 
^udies^ave-attempted^^ 
overproduction and many studies of ceriB-2 protein overproduction userela- 
Sond a^bodfes 85 tomunohistochemical studies with poly- 

BreSKdnoiro ^ Act,Vat,on Wlth ^'Oncogenes In 

fr?ln nC °5 n T *¥ implications in human breast cancer - 

elsewhere This section will be restricted to a comparison 
between the clinical relevance ofc-erfcB-2 and these other oncogenes. 

fm„ » ge , De 18 ° ften KttvaXeA carcinomas, but c-royc activa- 

Oon generally has less prognostic importance than c-erbB-2 activaHon 
Utle ™ d , a correlation between increased mRNAs oi c-erbB-2 and c 
myc, although other reports have not confirmed this.*™ Subsequent research, 
however, could demonstrate a subset of breast carcinomas in which c^mTht 
more prognostic importance than c-criB-2. " 

The gene c-erbB-1 for the epidermal growth fector receptor (EGFR) is 
homologous with c^riB-2 but is infrequently amplified in breast cainomlS 
Overproduction of EGFR, however, occurs more frequently than amplification 

SSS^JSL^L* poor prognosis - In studies *■* have eXamined c " 

erdB-2 and EGFR in the same tumor, c-erbB-2 has a stronger correlation with 
poor ^prognostic factors.** Studies have tended to show no correlation between 
amplification of c-erbB-2 and c-erfeB-1 or overproduction of c-orfcB-2 and EGFR. 
although at the molecular level EGFR mediates phosphorylation of <seroB-2 
pmteinW*!* Recent reviews describe EGFR in breastcaxcuK>ma!^» 

The genes c-erbA and ear-1 are homologous to the thyroid hormone recep- 
tor. «d ftey allocated adjacent toc?**BtfJ on chromosome 17. These genes 
are frequently coamplified with c-erbB-2 in breast carcinomas. The absence of 
c^6A expression in breast carcinomas, however, is evidence against an impor- 
tant role for this gene m breast neoplasia." Amplification of c-erbB-2 can occur 
without eor-1 amplification, and these tumors have a decreased survival that is 
similar to tumors with both c-erfcB-2 and ear-1 amplification." Consequently. 
c-erbB-2 amplification seems to be more important than amplification of oerbA 

^ 0ther g ° nes also *J» ve ^ compared with cerbB-2 activation In breast 
c^cinomas. Onestudyfound a significant correlation between increased c-erbB- 
JSrFi t ?t i u ? ^ mRNAs ° f >> platelet-derived growth fector chain A. 
wJ? i Allelic-deletion of c-Ha-r<w may indicate a poorer prognosis in 
breast carcinoma," but it has not been compared with c-erbB-2 activation. Some 
studies have suggested a correlation between advanced stage or recurrence of 
breast carcinoma and activation of any one of several oncogenes 



u 



o 



oerbB-2 ONCOGENE 



179 



ACTIVATION OF c-orftB-2 IN NON-MAMMARY TISSUES 

Incidence ot c-erbB-2 Activation in Non-Mammary Tissues 

Table 7 summarizes the normal tissues in which oeriB-2 expression has been 
detected, usually with hnmu^ohistochemical methods using polyclonal anti- 



TABLE 7. PRESENCE OR ABSENCE OF©*rt>B* mRNA OR oerbB-2 PROTEIN IN 
NORMAL HUMAN TISSUES 



Tissues With 
c-erbB-2 
mRNA 



Skin" 



Stomach 2 * 

Jejunum" 

Colon" 

Kidney* 



Uver 2 * 



Lung* 



Fetal brain* 

Thyroid* 
Uterus* 



Placenta* 



Tissues Producing 
oe/bM Protein* 



Tissues Lacking 
osibB-amRNA 



Tissues Lacking 
oerbB-2 Protein 



Epidermis 6 * 

External root sheath^ " 
Eccrlne sweat gland 9 
Fetal oral mucosa* 
Fetal esophagus 62 
Stomach 2 "* 
Fetal Intestine 82 * 
Small Intestine 22 *** 
Colon 22 * 
Fetal kidneys 

Fetal proximal tubule 82 
Distal tubule" 
Fetal collecting duct 62 
Fetal renal pelvis 8 " 
Fetal ureter 62 
Hepatocytes 22 
Pancreatic acini 22 
Pancreatic ducts 22 * 2 
Endocrine cells of Islets 
of Langerhans* 2 

Fetal trachea® 
Fetal bronchioles"^ 
Bronchioles 92 



Fetal ganglion cells 68 



Kidneys'* 



Ovary 12 

Bloodvessels* 2 



Postnatal oral mucosa 82 
Postnatal esophagus 62 



Glomerulus 62 

Postnatal Bowman's capsule 62 
Postnatal proximal tubule 63 

Postnatal collecting dud 62 
Postnatal renal pelvis 62 
Postnatal fetal ureter 62 
Uver«* 



Pancreatic Islets 62 

Postnatal trachea 62 
Postnatal bronchioles 62 

Postnatal alveoli 82 ** 
Postnatal brain 62 
Postnatal ganglion cells 62 



Endothelium 62 

Adrenocortical cells 62 
Postnatal thymus 62 
Fibroblasts 62 
Smooth muscle cells 62 
Cardiac muscle cells 82 



■This protein study used Western blots; the rest used Imnrwnohtetochemteal method*. 
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bodies. Only a few studies have been perfonned, and some of these do not 
demonstrate convincing cell membrane reactivity in the published photo- 
graphs. The interpretations in these studies, however, are listed, with the 
caveat that these findings should be confirmed by immunoprecipitaHon or 
Western or RNA blots. Production of c-er&B-2 has been identified in normal 
epithelium of the g astrointestinal tra c t a nd s lrin . Discrepant r» ga ^j ng ^ 
erbB-2 protein in other tissues could be due, at least in part, to differences in 
techniques. 

The data on c-erfrB-2 activation in various non-mammary neoplasms 
should be interpreted with caution, because only small numbers of tumors have 
been studied, usually by hnmunohistochemical methods using polyclonal anti- 
bodies. Studies using cell lines have been excluded, because cell culture can 
induce amplification and overexpression of other genes, although this has not 
been documented for c-ertB-2. 4 " "** ' ' 

Activation of c-erbB-2 has been identified in 32 percent (64 of 203) of 
ovarian carcinomas in eight studies (Iable 8). One abstract" stated that ovarian 
carcinomas contained significantly more c-ertB-2 protein than ovarian non- 
epithelial malignancies. Another report" showed that 12 percent of ovarian 
carcinomas had o-erfrB-2 overproduction without amplification. 

Activation of c-erfeB-2 has been identified in 20 percent (40 of 108) of 
gastric adenocarcinomas in seven studies, Including 33 percent (21 of 64) of 



TABLES. c-erttB-2 ACTIVATION IN HUMAN GYNECOLOGIC TUMORS* 







c-erfcB-2 


cxirbB-2 






mRNA 


Protein 


Tumor Type 


c-eri>B-2DNA 


Over- 


Over- 


Amplification 


production 


production 


Ovaiy— cardnoma. not otherwise 


31/120,* 1/11 * 


23/67* 


23/73,1* 
36/72« 


specified 


0/6, 107 0/6," OS,"* 
(V2, w 0/1t« 


Ovar^-serous (papfllary) carcinoma 


2/7.'« 1/7,*«Q/6* 






*Ovary— endometrioid carcinoma- - 






Ovary— mudnous carcinoma 


1/2,110 0/^72 






Ovary— clear cell carcinoma 


0/2, 1 "0/1* 






Ovary— mixed epithelial carcinoma 


Q/2» 






Ovary— endometrioid borderline tumor 


0/1 » 






Ovary— mudnoue borderline tumor 


(V372 






Ovary— serous cyetadenoma 








Ovary— mudnous cystadenoma 








Ovary— sclerosing stromal tumor 


0/1* 






Ovary— fibrothecoma 


0/1^ 






Uterus — endometrial adenocarcinoma 


0/4 « Q/t'"> 







^Stewn as number of cases with amplification (or overprodudfonVtotal number of cases studied; reference is 
given as superscript All protein studies used ImmunohistochemlcaJ methods. 
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intestinal or tubular subtypes and 9 percent (4 of 47) of diffuse or signet ring cell 
subtypes (Table 9). Activation of c-er*B-2 has been detected in 2 percent (6 of 
281) of coWal carcinomas, although an additional iitimunohistochemical 
^udy detected c^rfcB-2 protein in seven of eight tissues fixed in Bouins solu- 
tion. One study found greater immunohistochemical reactivity for oeriB-2 
protem in colon i c ad en o mat ous potypsAaaJ^^ 

using Bouin s fixative- Lesions with anaplastic features and progression to inva- 
^ C ^ rCln0nia tended to shaw decreased immunohistochemical reactivity for c- 
erfcB-2 protein .« HepatocelluWcardnomas (12 of 14 cases) and cholangiocarci- 
nomas (46 of 63 cases) reacted with antibodies against <h**B-2 in one stud* but 
some of these "positive* cases showed only diffuse cytoplasmic staining, which 



TABLE a oe/frB-2 ACTIVATION IN HUMAN GASTROINTESTINAL TUMORS' 



Tumor Type 



Esophagus— squamous cell carcinoma 
Stomach— carcinoma, poorly differentiated 
Stomach— adenocarcinoma 

Stomach— carcinoma, intestinal or tubular type 
Stomach— carcinoma, diffuse or signet ring cell type 
Colorectum— carcinoma 



Colon— villous adenoma 
Colon — tubulovijious adenoma 
Colon— tubular adenoma 
Colon— hyperplastic polyp 
Intestine — leiomyosarcoma 
Hepatocellular carcinoma — - ! 
Hepatoblastoma 
Choriocarcinoma 
Pancreas— adenocarcinoma 
Pancreas— acinar carcinoma 
Pancreas— clear ceil carcinoma 
Pancreas— large cell carcinoma 
Pancreas— signet ring carcinoma 
Pancreas— chronic Inflammation 



Mrt>B-2 DNA 
Amplification 



Q/22«* 

2/24,* 2/9^2/oV 11 
2/b\» o/liM 

5/10** 
0/2W 

2/49 m 1/45 »' 
1/45 r w 1/45, 80 
0V40," 0/32, 107 073 82 
071W 

QJ&* 
071" 



0/12111 



0718? 



c-erbB-2 



071« 

4/27,»3/10»i 

16/64» 

4/45» 

1/22, 58 



19/10» 
0/1« 

12/14?«u72*i 

46/63» 
2/B0«i«072«i 
071 « 
072" 
07341 

0/14» 
0/14415 



S^^^ f h ™P |Wtea « on «» overproduction)^ number of cases studied; reference Is 

ImRNA. W u 52i ,mmwoWst ^^ methods. No studies analyzed for o-e/pB- 

"Tlssues feed in Bouln'e solution. 

'Only cases with distinct membrane staining are Interpreted as showing o*rbb* overproduction. 
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TABLE 10, c»er&B-2 ACTIVATION IN HUMAN PULMONARY TUMORS* 

*er*B-2 

• ■ o-crbB-2 DNA Protein 
Tumor7ype Amplication Overproduction 

Non-small ceO carcinoma 2/80," Q/60 81 ' 1/84° 

— EpWeimoitfcareinonw- - wa^wo^cre*" " ~ ~ g^r - - 

Adenocarcinoma 0/21," 1/13,» 0/7,™ (V7,wo/3<w m2 » 

Large cell carcinoma ampm* _ 

SmaD can carcinoma _ o/26,»Q/3» 

Carcinoid tumor o/i»> ^ 

^^eupewe^ An pmteh audlos used Imnwc^^ 

does not indicate c-«reB-2 activation in breast neoplasms « Also, some pancre- 
atic carcinomas and chronic pancreatitis tissue had cytoplasmic immunohisto- 
chemical reactivity for c-erbB-2 protein, in addition to the rare case of pancre- 
atic adenocarcinoma with distinct cell membrane staining. « 

Tables 10 through 14 summarize the studies of c-«r&B-2 activation in other 
neoplasms. The o-erfcB-2 oncogene is not activated in most of these tamor*: 
Activation ofc-srAB-2 has been detected in 1 percent (4 of 299) of pulmonary 
non-small cell carcinomas in nine studies, although one additional report* 
found c-eriB-2 protein overproduction in 41 percent (7 of 17). Renal cell carci- 
nomahad o*f*B4 activation in 7 percent (2 of30) in four studies. Overproduc- 
tion of c-erbB-2 protein was described in one transitional cell carcinoma of the 
urinary bladder, a grade 2 papillary lesion." Squamous cell carcinoma and basal 
cell carcinoma of the skin may contain c-«rfeB-2 protein, but it is not clear 

TABLE 11. e-eroB-2 ACTIVATION IN HUMAN HEMATOLOGIC PROLIFERATIONS' 

freroB* 
Protein 
Over- 
production 



> 

Tumor Typo 


"~c«r&B4DNA 
Amplification 


oerbB-2 

Over- 
production 


Hematologic malignancies 


0/23*" 




Malignant lymphoma 


Q/9, 57 Q/3 107 


Q/V 


Acute leukemia 


0/14** 




Acute lymphoblastic leukemia 


0/1 w 




Acute myefoblastic leukemia 


0/3 107 




Chronic leukemia 






Chronic lymphocytic leukemia 


0/6«* 




Chronic myelogenous leukemia 


0/8"" 




Myetoprolllerative disorcler 







0/15" 



SKII^^ cvarp^ucflonVlotal number of cases studied; reference le 

flwen as superscript. All protein studies used ImmurrOhrslochemlcai methods. 
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TABLE 12. oerbB-1 ACTIVATION IN HUMAN TUMORS OP SOFT TISSUE AND BONE* 



«xw*B-2DNA 
Tumor Type Amplification 



Sarcoma 0/10,"' o/B« 

am* 



Uposarcoma a/31 or 

Pleomorphic sarcoma on •» 

Rhabdomyosarcoma Q/pnr 

Osteogenic sarcoma 0/2,"" 0/2 57 

Chondrosarcoma q/1 107 

Ewtng's sarcoma <yi» 

Schwannoma <yi«7 



■Shown asmrifeerof caaas with ampflficaBon (orovgrwoduotlonVtotai raimbarol U Juj. ^-^h 
fllwn as superscript No aludtt analyzed for M^rrflNAore^B^eto 

whether the protein level is increased over that of normal skin .» Thyroid 
carctoomas and adenomas can have low levels of increased c-eriB-2 mRNA 
One abstract, described low-level <«r&B-2 DNA amplification in one of ten 
salivary gland pleomorphic adenomas * 

Correlation of c-eroB-2 Activation With Patient Outcome 

Very few studies have attempted to correlate c-eri>B-2 activation in non- 
mammary tumors with outcome. Slamon et at" showed that c-«r*B-2 ampliBca- 
tion or overexpression in ovarian carcinomas correlates with decreased survival 
especially when marked activation is present. However, they did not report the 
stage, histological grade, or histological subtype of these neoplasms. Another 
study of stages III and IV ovarian carcinomas found a correlation between 
decreased I survival and c-erfcB-2 protein overproduction, but not between sur- 
vival and histological grade. " One abstract stated that c-eriB-2 protein overpro- 
duction m 10 of 18 pulmonary adenocarcinomas correlated with decreased 
disease-free interval.™ Another afefectdescrlbed*tendency for immunohisto- 

TABLE 13. C-efOB-2 ACTIVATION IN HUMAN TUMORS OF THE URINARY TRACT* 

o-erbB-2 c-erbB-2 
mRNA Protein 
• c-erbB-2 DNA Over- Over- 
Twn orTypo Ampinicaiion production production 

Kidney— renal cell carcinoma 1/5." 1/4, «» o/5»» WW ' — 
Wilms' tumor 0/457 . 



Prostate — adenocarcinoma 
Urinary bladder— carcinoma 



0/23® 
1/48=» 



25ni«Z^^JfL B 2!^ wo'ProdurtonVtota. number of cases studied; reference Is 
own sa superscript. AD protein studies used Immunobtetochemtcal methods. 
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Tumor Typo 



DMA 
Amplification 



t melanoma 

Skin, head and neck— squamous 
ceo carcinoma 

Slto not stated— squamous cell 
carcinoma 

Salivary glan^adenocarclnoma 
Parotid gland— adenoid cystic 
carcinoma 

- ThyroW— anaplasfts oarclnoma 
Thyroid-papillary carcinoma 
Thyroid — adenocarcinoma 
1 ^oW— adenoma 
Neuroblastoma 
Meningioma 



c*r6B-2mRNA 
Overproduction 



0-erfcB»2 
Protein 
Over- 
production 



0/7107 



1/1* 



ovi* 

0/35,* Q/g.^oviw 

0/2* 



0711 - 
3{low tevete)/5i 

1(low!evels)/2' 



r^Mty fc, proteto to co^Ito with bgW 



SUMMARY 

n^r^Y* T 6 ** 2 onco « ene can occur by amplification of c-eriB-2 

wSh P i ^ ^ brea$t cardDdmas evidence of JrVKl istivaZ 
t ^ c T pr0gnosis in patients with metaZ. to 

bon wilh other prognostic factors in breast carcinoma have reported conflict 
conclusions The pathologic and clinical significance of ^SSlSEfS 
other neoplasms is unclear and should be assessed by additional studie* 
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and forms part of this Declaration (Exhibit A). 

4. Gene amplification is a process in which chromosomes undergo changes to 
contain multiple copies of certain genes that normally exist as a single copy, and is an important 
factor in the pathophysiology of cancer. Amplification of certain genes (e.g., Myc or Her2/Neu) 



gives cancer cells a growth or survival advantage relative to normal cells, and might also provide 
a Mechanism of tumor cell resistance to chemotherapy or radiotherapy. 

5. If gene amplification results in over-expression of the mRNA and the 
corresponding gene product, then it identifies that gene product as a promising target for cancer 
therapy, for example by the therapeutic antibody approach. Even in the absence of over- 
expression of the gene product, amplification of a cancer marker gene - as detected, for example, 
by the reverse transcriptase TaqMan® PCR or the fluorescence in situ hybridization (FISH) 
assays -is useful in the diagnosis or classification of cancer, or in predicting or monitoring the 
efficacy of cancer therapy. An increase in gene copy number can result not only from 
intrachromosomal changes but also from chromosomal aneuploidy. It is important to understand 
that detection of gene amplification can be used for cancer diagnosis even if the determination 
includes measurement of chromosomal aneuploidy. Indeed, as long as a significant difference 
relative to normal tissue is detected, it is irrelevant if the signal originates from an increase in the 
number of gene copies per chromosome and/or an abnormal number of chromosomes. 

6. I understand that according to the Patent Office, absent data demonstrating that 
the increased copy number of a gene in certain types of cancer leads to increased expression of 
its product, gene amplification data are insufficient to provide substantial utility or well 
established utility for the gene product (the encoded polypeptide), or an antibody specifically 
binding the encoded polypeptide. However, even when amplification of a cancer marker gene 
does not result in significant over-expressioA of the corresponding gene product, this very 
absence of gene product over-expression still provides "significant information Jbr cancer 
diagnosis and treatment. Thus, if over-expression of the gene product does not parallel gene 
amplification in certain tumor types but does so in others, then parallel monitpring of gene 
amplification and gene product over-expression enables more accurate tumor classification and 
hence better determination of suitable therapy. In addition, absence of over-expression is crucial 
information for the practicing clinician. If a gene is amplified but the corresponding gene 
product is not over-expressed, the clinician accordingly will decide not to treat a patient with 
agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information or belief are believed to be true, and further that 
theses statements were made with the knowledge that willful false statements and the like so 



made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful statements may jeopardize the validity of the 
application or any patent issued thereon. 
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10. Ashkenazi A ., and Chamow, S. M. Immunoadhesins as research tools and 
therapeutic agents. Curr. Opin. Immunol. 9, 195-200 (1997). — 

11. AshkenazLA., and Dixit, V. Death receptors: signaling and modulation. Science 
281, 1305-1308(1998). 

12. AshkenazL A ., and Dixit, V, Apoptosis control by death and decoy receptors. 
Curr. Opin. Cell. Biol 11, 255-260 (1999). 



13. AshkenazL A . Chapters on Apo2L/TRAIL; DR4, DR5, DcRl, DcR2; and DcR3. 
Online Cytokine Handbook (www>apnetxom/cvtokinereferenceA . 

14. Ashkenazi. A . Targeting death and decoy receptors of the tumor necrosis factor 
superfamily. Nature Rev. Cancer 2, 420-430 (2002). 

15. LeBlanc, H. and Ashkenazi, A . Apoptosis signaling by Apo2L/TRAIL. Cell Death 
and Differentiation 10, 66-75 (2003). 

16. Almasan, A. and Ashkenazi A . Apo2L/TRAIL: apoptosis signaling, biology, and 
potential for cancer therapy. Cytokine and Growth Factor Reviews 14, 337-348 
(2003). 

Book: 

Antibody Fusion Proteins (Chainow, S., and Ashkenazi. A« « eds., John Wiley and 
Sons Inc.) (1999). 

Talks: 

1 . Resistance of primary HIV isolates to CD4 is independent of CD4-gp 1 20 binding 
affinity. UCSD Symposium, HIV Disease: Pathogenesis and Therapy. 
Greenelefe, FL, March 199L 

2. Use of immuno-hybrids to extend the half-life of receptors. IBC conference on 
BiopharmacQutical Halflife Extension. New Orleans, LA, June 1992. 

3. Results with TNF receptor hnmunoadhesins for the Treatment of Sepsis. BC 
conference on E^otoxemia and Sepsis. Hriladelphia, PA,7xme4992*. - 

4. Immunoadhesins: an altemiative to human antibodies. IBC conference on 
Antibody Engineering. San Diego, CA, December 1993. 

5 . Tumor necrosis factor receptor: a potential therapeutic for human septic shock. 
American Society for Microbiology Meeting, Atlanta, GA* May 1 993 . 

6. Protective efficiacy of TNF receptor immunoadhesin vs anti-TNF monoclonal 
antibody in a rat model for endotoxic shock. 5th International Congress on TNF. 
Asilomar, CA, May 1994. 

7. Interferon-y signals via a multisubunit receptor complex that contains two types of 
polypeptide chain. American Association of Immunologists Conference. San 
Franciso, CA, July 1995. 

8. Immunoadhesins: Principles and Application Gordon Research Conference on 
Drug Delivery in Biology and Medicine. Ventura, CA, February 1996. 
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9. Apo-2 Ligand, a new member of the TNF family that induces apoptosis in tumor 
cells. Cambridge Symposium on TNF and Related Cytokines in Treatment of 
Cancer. Hilton-Head, NC, March 1996. 

1 0. Induction of apoptosis by Apo2 Ligand. American Society for Biochemistry and 
Molecular Biology, Symposium on Growth Factors and Cytokine Receptors. New 
Orleans, LA, June, 1996. 

11. Apo21igand, an extracellular trigger of apoptosis. 2nd Clontech Symposium, 
Palo Alto, CA, October 1996. 

12. Regulation of apoptosis by members of the TNF ligand and receptor families. 
Stanford University School of Medicine, Palo Alto, CA, December 1996. 

13. Apo-3: anovel receptor that regulates cell deatii and inflanjmation. 4th 
international Congress on Immune Consequences of Trauma, Shock, and Sepsis. 
Munich, Germany, March 1997. 

14. New members of the TNF ligand and receptor families that regulate apoptosis, 
inflammation, and immunity. UCLA School of Medicine, LA, CA, March 1997. 

15. Immunoadhesins: an alternative to monoclonal antibodies; 5th World Conference 
on Bispecific Antibodies. Volendam, Holland, June 1997. 

1 6. Control of Apo2L signaling. Cold Spring Harbor Laboratory Symposium on 
Programmed Cell Death. Cold Spring Harbor, New York. September, 1997. 

17. Chairman and speaker, Apoptosis Signaling session. IBC's 4th Annual 
Conference on Apoptosis. San Diego, CA., October 1997. 

1 8. Control of Apo2L signaling by death and decoy receptors. American Association 
for the Advancement of Science. Philadelphia, PA, February 1998. 

19. Apo2 ligand and its^eceptors. American Society of Immunologists*-, San 
Francisco, CA, April 1998. 

20. Death receptors and ligands. 7th International TNF Congress. Cape Cod, MA, 
May 1998. 

21. Apo2L as a potential therapeutic for cancer. UCLA School of Medicine. LA, 
CA, June 1998. 

22. Apo2L as a potential therapeutic for cancer. Gordon Research Conference on 
Cancer Chemotherapy. New London, NH, July 1998. 

23. Control of apoptosis by Apo2L. Endocrine Society Conference, Stevenson, WA, 
August 1998. 

24. Control of apoptosis by Apo2L. International Cytokine Society Conference, 
Jerusalem, Israel, October 1998. 
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25. Apoptosis control by death arid decoy receptors. American Association for 
Cancer Research Conference, Whistler, BC, Canada, March 1999. 

26. Apoptosis control by death and decoy receptors. American Society for ; 
Biochemistry and Molecular Biology Conference, San Franciseb, CA, May 1999. 

27. Apoptosis control by death and decoy receptors. Gordon Research Conference on 
Apoptosis, New London, NH, June 1999. 

28 . Apoptosis control by death and decoy receptors. Arthritis Foundation Research 
Conference, Alexandria GA, Aug 1999. 

29. Safety and ariti-tumor activity of recombinant soluble Apo2L/TRAIL. Cold 
Spring Harbor Laboratory Symposium on Programmed Cell Death. . Cold Spring 
Harbor, NY, September 1999. 

30. The Apo2I/TRAIL system: therapeutic potential. American Association for 
Cancer Research, Lake Tahoe, NV, Feb 2000. 

31. Apoptosis and cancer therapy. Stanford University'School of Medicine, Stanford, 
CA, Mar 2000. 

32. Apoptosis and cancer therapy. University of Pennsylvania School of Medicine, 
Philadelphia, PA, Apr 2000. 

33 . Apoptosis signaling by Apo2L/TRAIL. International Congress on TNF. 
Trondheim, Norway, May 2000. 

34. The Apo2L/TRAIL system: therapeutic potential. Cap-CURE summit meeting. 
Santa Monica, CA, June 2000. 

35. The Apo2UTRAIL system: therapeutic potential. MD Anderson Cancer Center. 
Houston, TX, June 2000. 

36. : Ap<^tosis signaling b^ 

San Diego, CA, August 2000. 

37. Anti-tumor activity of Apo2I/TRAIL. AAPS annual meeting. Indianapolis, IN 
Aug 2000. 

38. Apoptosis signaling and anti-cancer potential of Apo2L/TRAIL. Cancer Research 
Institute, UC San Francisco, CA, September 2000. 

39. Apoptosis signaling by Apo2I/rRAIL. Kenote address, TNF family 
Minisymposium, NIH. Bethesda, MD, September 2000. 

40. Death receptors: signaling and modulation. Keystone symposium on the 
Molecular basis of cancer. Taos, NM, Jan 2001 . 

41 . Preclinical studies of Apo2L/TRAIL in cancer. Symposium on Targeted therapies 
in the treatment of lung cancer. Aspen, CO, Jan 2001. 
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42. Apoptosis signaling by Apo2L/TRAIL. Wiezmann Institute of Science, Rehovot, 
Israel, March 2001. 

43. Apo2L/TRAIL: Apoptosis signaling and potential for cancer therapy. Weizmann 
Institute of Science, Rehovot, Israel, March 2001. 

44. Targeting death receptors in cancer with Apo2L/TRAIL. Cell Death and Disease 
conference, North Falmouth, MA, Jun 2001. 

45. Targeting death receptors in cancer with Apo2L/TRAIL. Biotechnology 
Organization conference, San Diego, CA, Jun 2001. 

46. Apo2I/TRAIL signaling and apoptosis resistance mechanisms. Gordon Research 
Conference on Apoptosis, Oxford, UK, July 2001. 

47. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Cleveland Clinic 
Foundation, Cleveland, OH, Oct 2001. " 

48. Apoptosis signaling by death receptors: overview. International Society for 
Interferon and Cytokine Research conference, Cleveland, OH, Oct 2001. 

49. Apoptosis signaling by death receptors. American Society of Nephrology 
Conference. San Francisco, C A Oct 2001. 

50. Targeting death receptors in cancer. Apoptosis: commercial opportunities. San 
Diego, CA, Apr 2002. 

51. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Kimmel Cancer 
Research Center, Johns Hopkins University, Baltimore MD. May 2002. 

52. Apoptosis control by Apo2L/TRAIL. (Keynote Address) University of Alabama 
Cancer Center Retreat, Birmingham, Ab. October 2002. 

53. Apoptosis signaling hy Apo2I/TRAIL. (Session co-chair) TNF international 
^conference. San Diego, CM October 2002. " * »•' *• 

54. Apoptosis signaling by Apo2L/TRAIL. Swiss Institute for Cancer Research 
(ISREC). Lausanne, Swizerland. Jan 2003. 

55. Apoptosis induction with Apo2L/TRAIL. Conference on New Targets and 
Innovative Strategies in Cancer Treatment. Monte Carlo. February 2003. 

56. Apoptosis signaling by Apo2L/TRAIL. Hermelin Brain Tumor Center 
Symposium on Apoptosis. Detroit, MI. April 2003. 

57. Targeting apoptosis through death receptors. Sixth Annual Conference on 
Targeted Therapies in the Treatment of Breast Cancer. Kona, Hawaii. July 2003. 

58. Targeting apoptosis through death receptors. Second International Conference on 
Targeted Cancer Therapy. Washington, DC. Aug 2003. 

Issued Patents: 
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1. Ashkenazi, A., Chamow, S. and Kogan, T. Carijohydrate-directed crosslinking 
reagents. US patent 5,329,028 (Jul 12, 1994). 

2. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydraterdirected crosslinking 
reagents. US patent 5,605,791 (Feb 25, 1997). 

3. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 5,889,155 (Jul 27, 1999). 

4. Ashkenazi, A., APO-2 Ligand. US patent 6,030,945 (Feb 29, 2000). 

5. Ashkenazi, A., Chuntharapai, A., Kim, J., APO-2 ligand antibodies. US patent 6, 
046, 048 (Apr 4, 2000). 

6. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 6,124,435 (Sep 26, 2000). 

7. Ashkenazi, A., Chuntharapai, A., Kim, J., Method for making monoclonal and cross- 
reactive antibodies. US patent 6,252,050 (Jun 26, 2001). 

8. Ashkenazi, A. APO-2 Receptor. US patent 6,342,3^9 (Jan 29, 2002). 

9. Ashkenazi, A. Fbng, S., Goddard, A., Gurney, A., Napier, M., Tumas, D., Wood, W. 
A-33 polypeptides, US patent 6,410,708 (Jun 25, 2002). 

10. Ashkenazi, A. APO-3 Receptor. US patent 6,462,176 Bl (Oct 8, 2002), 

11. Ashkenazi, A. APO-2LI and APO-3 polypeptide antibodies, US patent 6,469,144 Bl 
(Oct 22, 2002). 

12. Ashkenazi* A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 6,582,928B1 (Jun 24, 2003). 
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TECHNICAL UPDATE 



FROM YOUR LABORATORY SERVICES PROVIDER 

HER-2/neu Breast Cancer Predictive Testing 

Julie Sdnford Hanna. Ph.D> and Dan Mornin, M.D. / ' 



Each year, over 182,000 women in the United States are 
diagnosed with breast cancer, and approximately 45,000 die 
of the disease. 1 Incidence appears to be increasing in the 
United States at a rate of roughly 2% per year. The reasons 
for the increase are unclear, but non-genetic risk factors appear 
to play a large role. 2 

Five-year survival rates range from approximately 65%- 
85%, depending on demographic group, with a significant 
percentage of women experiencing recurrence of their cancer 
within 10 years of diagnosis. One of the factors most predic- 
tive for recurrence once a diagnosis of breast cancer has been 
made is the number of axillary lymph nodes to which tumor 
has metastasized. Most node-positive women are given adju- 
vant therapy, which increases their survival. However, 20%- 
30% of patients without axillary node involvement also 
develop recurrent disease, and the difficulty lies in how to iden- 
tify this high-risk subset of patients. These patients could 
benefit from increased surveillance, early intervention, and 
treatment. 

Prognostic markers currently used in breast cancer recur- 
rence prediction include tumor size, histological grade, steroid 
hormone receptor status, DNA ploidy, proliferative index, and 
cathepsin D status. Expression of growth factor receptors and 
over-expression of the HER*2/neu oncogene have also been 
identified as having value regarding treatment regimen and 
prognosis. 

HER-2/neu (also known as c-erbB2) is an oncogene that 
encodes a transmembrane glycoprotein that is homologous 
to, but distinct from, the epidermal growth factor receptor. 
Numerous studies have indicated that high levels of expres- 
sion of this protein are associated with rapid tumor growth, 
certain forms of therapy resistance, and shorter disease-free 
survival. The gene has been shown to be amplified and/or 
overexpressed in 10%-30% of invasive breast cancers and in 
40%-60% of intraductal breast carcinoma. 3 

There are two distinct FDA-approved methods by which 
HER-2/neu status can be evaluated: immunohistochemistry 
(IHC, HercepTest™) and FISH (fluorescent in situ hybridiza- 
tion, PathVysion™ Kit). Both methods can be performed on 
archived and current specimens. The first method allows visual 
assessment of the amount of HER-2/neu protein present on 
the cell membrane. The latter method allows direct quantifi- 
cation of the level of gene amplification present in the tumor, 
enabling differentiation between low- versus high-amplifica- 
ticfh. At least one study has demonstrated a difference in 



recurrence risk in women younger than 40 years of age tor 
low- versus high-amplified tumors (54.5% compared to 
85.7%); this is compared to a recurrence rate of 1 6.7% for 
patients with no HER-2/heu gene amplification. 4 HER-2/neu 
status may be particularly important to establish in women with 
small (^ 1 cm) tumor size. 

The choice of methodology for determination of HER-2/ 
neu status depends in part on the clinical setting. FDA approval 
for the Vysis FISH test was granted based on clinical trials 
involving 1 549 node-positive patients. Patients received one 
of three different treatments consisting of different doses pf 
< cyclophosphamide, Adriamycin, and 5-fluorouracil (CAF). 
The study showed that patients with amplified HER-2/neu 
benefited from treatment with higher doses of ^driamycin- 
based therapy, while those with normal HER-2/neu levels did 
not; The study therefore identified a sub-set pf women, who 
because they did not benefit from more aggressive treatment, 
did not need to be exposed to the associated side effects. In 
addition, other evidence indicates that HER-2/neu amplifica- 
tion iri node-negative patients can be used as an independent 
prognostic indicator for early recurrence, recurrent disease at 
any time and disease-related death. 5 Demonstration of HER- 
2/neu gene amplification by FISH has also been shown to be 
of value in predicting response to chemotherapy in stage-2 
breast cancer patients. 

Selection of patients for Herceptin 0 (Trastuzumab) mono- 
clonal antibody therapy, however, is based upon demettstra^ > 
tion of HER-2/neu protein overexpression using HercepTest™. 
Studies using Herceptin 0 in patients with metastatic breast 
cancer show an increase in time to disease progression, 
increased response rate to chemotherapeutic agents and a small 
increase in overall survival rate. The FISH assays have not yet 
been approved for this purpose, and studies looking' at response 
to Herceptin 0 in patients with or without gene amplification 
status determined by FISH are in progress. 

In general, FISH and IHC results correlate well. However, 
subsets of tumors are found which show discordant results; 
i.e., protein overexpression without gene amplification or lack 
of protein overexpression with gene amplification. The clini- 
cal significance of such results is unclear. Based on the above 
considerations, HER-2/neu testing at SHMC/PAML will utiV 
lize immunohistochemistry (HercepTest 0 ) as a screen, fol- 
lowed by FISH in IHC-negative cases. Alternatively, either 
method may be ordered individually depending on the clini- 
cal setting or clinician preference. 
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CPT code information 



References 



HER-2/neu via IHC 

88342 (including interpretive report) 



HER-2/nen via FISH 3 

88271x2 Molecular cytogenetics, DNA probe, each 
88274 Molecular cytogenetics, interphase in situ hybrid- 
isation, analyze 25-99 cells 4 
88291 Cytogenetics and molecular cytogenetics, interpre- 
tation ancj report 5 

Procedural Information 

Imrounohistocheirristry is performed using the FDA-approved 
i)AKO antibody kit, Herceptest 0 . The DAKO kit contains 
reagents required to complete a two-step immunohisto- 
chemical staining procedure for.routinely processed, paraffin- 
embedded specimens. Following incubation with the primary 
rabbit antibody to human H ER-2/neu protein, the kit employs 
a ready-to-use dextran-based visualization reagent This re- 
agent consists of both secondary goat anti-rabbit antibody 
molecules with horseradish peroxidase molecules linked to a 
common dextran polymer backbone, thus eliminating the need 
for sequential application of link antibody and peroxidase 
conjugated antibody. Enzymatic conversion of the subse- . 
quently added chromogen results in formation of visible 
reaction product at the antigen site. The specimen is then coun- 
terstained; a pathologist using light-microscopy interprets 
results. 

FISH analysis at SHMC/PAML is performed using the 
FDA-approved Path Vysion™ HER-2/neu DNA probe kit, pro- 
duced by Vysis, Inc. Formalin fixed, paraffin-embedded breast 
tissue is processed using routine histological methods, and then 
slides are treated to allow hybridization of DNA probes to the 
nuclei present in the tissue section. The Pathvysion™ kit con- 
tains two direct-labeled DNA probes, one specific for the 
alphoid repetitive DNA (CEP 1 7, spectrum orange) present at . 
the chrompsome-f^centmmere and the second for the HER- 
2/neu oncogene located at 17ql 1.2*12 (spectrum green). Enu- 
meration of the probes allows a ratio of the number of copies 
of chromosome 17 to the number of copies of HER-2/neu to 
be obtained; this enables quantification of low versus high 
amplification levels, and allows an estimate of the percentage 
of cells with HER-2/neu gene amplification. The clinically 
relevant distinction is whether the gene amplification is due 
to increased gene copy number on the two chromosome 17 
homologies normally present or an increase in the number of 
chromosome 17s in the cells. In the majority of cases, ratio 
equivalents less than 2.0 are indicative of a normal/negative 
result, ratios of 2.1 and over indicate that amplification is 
present and to what degree. Interpretation of this data will be 
performed and reported from the Vysis-certified Cytogenet- 
ics laboratory at SHMC 
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